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ADDENDUM NO. 1

January 4, 1989

Pursuant to presentation of this Study to the Worcester County
Commissioners on January 3, 1989, the Commissioners requested the
following items be added to the report:

1. A recommendation that proposed stormwater management designs
in the Study Area be reviewed with more scrutiny than
projects in the past, specifically in regard to adequate
sizing of structures and drainage ways.

2. A recommendation that stormwater management performance bond
amounts, as required by Section 2-107 of the Worcester
County Stormwater Management Ordinance, be reviewed in
detail to assure that the amount of obligation is sufficient
to insure corrective action on the part of owners/developers
with faulty or insufficient stormwater facilities.

3. A notation that at least one of the problem sites identified
(excess drainage to the Martin Groff property) has undergone
corrective action since the time of the field investigations
(August 1988); guestions relative to the number of sites
which have completed remedial work should be directed to
Jennings Quillen, Worcester County Building Inspector,
telephone (301) 632-1200.

4. A notation that the slides from the field investigations, as
referenced in the text of the Study, will be maintained at
the Worcester County Planning and Permits Department.

5. A notation that the recommendation made in Section 6.1.C.6
of this Study relative to the requirement of "as-built"
plans for all stormwater management and drainage facilities
is mentioned in Section 2-107 of the Worcester County
Stormwater Management Ordinance as a prerequisite for the
release of stormwater management performance bonds; and
further, a recommendation that the requirements of the
existing statute be more stringently enforced.

In addition, the following errata has been reported:

Page 20, paragraph one: "whcih" should be "which".

END OF ADDENDUM NO. 1

US Department of Commerce
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2234 South Hobson Avenue
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EXECUTIVE SUMMARY

The Upper Manklin Creek Watershed is an area in northeastern
Worcester County which has been identified as a
drainage/stormwater management problem area due to existing and
potential development. The area is located at the intersection
of two major traffic routes - Md. Route 90 and Md. Route 589, and
includes portions of Ocean Pines, a major residential
development, and an existing commercial area centered on the
Pines Plaza Shopping Center. Due to its prime location, the area
is expected to be under extreme development pressure in the
future.

This Study was undertaken to develop a catalog of existing
drainage and stormwater problems in the area, and to identify
regional practices which could be implemented to prevent future
exacerbation of the problems. One major hindrance to preparing
an extremely thorough plan of action was the lack of contour and
elevation data for the area, and insufficient budget to include
an aerial topography of the area into the Study. As a result,
many of the recommendations are general in nature, but include
details specific enough to establish an effective and
implementable plan for future development.

Site investigations of fourteen properties were conducted in
August 1988, Several of the sites need remedial measures to
improve the existing drainage patterns. These recommendations
can be found in the "Site Assessment Data" found in Appendix 1.

Stornwater management projections were made using standard
rates of growth for developed areas of Worcester County, and it
was discovered that by the year 2000 an additional 300 cfs of
runoff could be expected, nearly doubling existing flows. These
results are explained in Section 4, with pertinent calculations
contained in Appendix 2.

Regional recommendations are made to generally include the
use of best management practices within the identified watershed,
with particular emphasis on the use of existing or newly
constructed non-tidal wetlands as stormwater receivers, and wet
ponds excavated down into permeable soil strata. It is also
suggested that the large capacity drainage ditches located on the
north and south sides of Md. Route 90 could be used as positive
outlets Ifor managed sStormwater flows. Correction of oxicting
drainage problems in accordance with the site assessment
recommendations, and creation of a drainage district wherein the
property owners would be responsible for maintenance of all
ditches and drainage facilities is suggested.

Finally, a series of regqgulatory guidelines is suggested in
Chapter 6 of the Study. Recommendations here include the
formation of a drainage district with stiffer requirements for
stormwater management than presently contained in the Worcester

iii



County Ordinance. Specific actions include the protection of
non-tidal wetlands for use as stormwater receivers, an order of
preferred implementation for stormwater management techniques
beginning ideally with the infiltration of the two year post-
development storm event, and various details which should be
required of all drainage and stormwater plans including a maximum
size of continuous impervious pavement, a specified minimum ditch
section, storage of the ten year post-development storm with a
two year pre-development release rate for conventional dry
detention ponds, increased bonding and maintenance agreement
requirements, and submittal of as-built plans, using field
generated data, for all stormwater and drainage facilities to
assure compliance with approved plans.

iv



1.

INTRODUCTION
A. Purpose and Scope

Worcester County officials have pinpointed several
areas within the County as ©potential '"prime
development" areas in accordance with the draft
Worcester County Comprehensive Development Plan, July,
1988. These areas, for various reasons, are currently
developing , or are projected to develop, rapidly.
This increased developnent could cause major drainage
or stormwater management problems in the future unless
guidelines for additional governmental regulation above
the existing Worcester County Stormwater Management

Ordinance (P.L. No. 84-6) are provided.

One of these areas is known as the Upper Manklin Creek
Watershed Area. This area has already experienced a
significant amount of commercial and high density

residential development.

This drainage study provides a document of existing
drainage or stormwater management problems in this area
of Worcester County. Problem areas were identified
with the help of the following Worcester County
Agencies: Soil Conservation Service: Soil Conservation
District; Roads Department; County Engineer; and
Planning and Permits. This report consists of: the
findings of field investigations,investigation of the
effects of development under current and proposed

zoning, and land use designations, based on the

Comprehensive Development Plan currently being



updated; possible solutions to the existing drainage
problems; preventive measures to ward off additional
problems or an increased magnitude of existing
problems; and suggested guidelines for applicable
governmental agencies to use in developing policy on
drainage problems in commercial or high development

areas.

General Information

Commercial development has a profound impact on
stormwater runoff by increasing dquantity and
concentration of flow, and by reducihé the natural time
of concentration. Likewise, stormwater runoff has a
similar relationship with water quality due to the
contaminants known to be carried in runoff waters.
These adverse impacts have made it necessary to
incorporate the use of "Best Management Practices" into
the overall development plan for a specified area.
Most of these practices involve extra detention,
retention or infiltration of stormwater runoff to
increase pollutant removal and provide additional
stormwater management. However, effective
implementation of these practices can be designed to
provide maximum pollutant removal while minimizing

costs and maintenance burdens.

S8tudy Area Location and Description

The +/- 1200 acre study area (see Figure 1-1) is
located in northeastern Worcester County in an area

known as the Upper Manklin Creek Watershed. This area



is more particularly known as the Maryland Route 90 and
Maryland Route 589 intersection, and surrounding area.
Although the area as a whole is primarily wooded or
used as agricultural fields, the corridors along
Maryland Route 90 and Maryland Route 589 are rapidly
developing, and slowly changing the characteristics of
the watershed. The northern and eastern portion of the
study area is already developed into a high density
residential area. Near this residential area is a
growing commercial area with a shopping center and

various commercial businesses.
Soils

This portion of the County falls under the Fallsington,
Woodstown, éassafras association. These soils are
described as "level to steep, poorly drained to well
drained soils that have a subsoil dominantly of sandy
clay loam". (Soil Survey of Worcester County, Maryland

- U.S.D.A. - SCS 1973.)

The individual Soil Mapping units are found on Figure
1-2, and described on Table 1-1 below. These mapping
units can also be classified into Hydrologic Soil
Groups (HSG’s). This classification groups the soils
according to their minimum infiltration rate. Group
"AY soils typically have infiltration rates equal to or
greater than 2.41 inches per hour, group "B" soils
greater than 0.52 inches per hour, group "C" soils
greater than 0.17 inches per hour, and group "D" soils
encompassing all those with rates less than 0.17 inches

per hour.



TABLE 1-1

80IL GROUPS

Map Soil Name Hydrologic
Symbol Soil Group
El Elkton Loam D
Em Elkton Silt Loam D
Fa Fallsington Sandy Loam D
Fg ' Fallsihgton Loam D
FmB Fort Mott Loamy Sand B
Gb Gravel and Borrow Pits -—-
KsA Klej Loamy Sand 2-5% slopes B
LKkD Lakeland Loamy Sand 5-15% slopes A
LmB Lakeland Loamy Sand, Clayey Substratum

0-15% slopes A
MdAa Matapeake Fine Sandy Loam 0-2% slopes B
MdB Matapeake Fine Sandy Loam 2-5% slopes B
MoA Matapeake Fine Sandy Loam, 0-2% slopes c
MpA "Mattapex Loam 0-2% slopes c
Mta Mattapex Silt Loam 0-2% slopes c
My Mixed Alluvial Land Avg. D
Pk Pocomoke Sandy Loam D
Pm Pocomoke Loam D
Pt Portsmouth Silt Loam D
Saa Sassafras Sandy Loam 0-2% slopes B
SaB2 Sassafras Sandy Loam 2-5% slopes

moderately eroded B
Sac2 Sassafras Sandy Loam 5-10% slopes

moderately eroded B
WdA Woodstown Sandy Loam 0-2% slopes c



Map
Symbol

WdaB
WoA

WoB

TABLE 1-1

SOIL GROUP8 (cont.)

Soil Name

Woodstown Sandy Loam 2-5% slopes

Woodstown Loam 0-2% slopes

Woodstown Loam 2-5% slopes

Hydrologic
Soil Group



2.

MANAGEMENT PRACTICES

A.

Background and Purpose

Design considerations for effective stormwater runoff
management practices in a particular watershed should

be based on the following guidelines:
1) Solve existing flooding problems.

2) Maximize the storage of stormwater runoff in

existing natural or manmade management areas.

3) Maintain or improve the capacities of stormwater
management/drainage systems in existing developed

areas.

4) Prevent increased downstream flooding within the

watershed.

Development of any type generally changes runoff
characteristics within a watershed. This in turn also
causes internal redistribution of stormwater runoff. A
regional "Stormwater Management Master Plan" would be
an effective way of steering the development in a
particular area to permit as much development as
possible, while reducing the effects of downstrean

flooding.

Technical solutions to stormwater management problems
should be based on existing land use plans. An example

of such a solution would be a regional, self-



regulating, pressurized storm sewer interceptor with
several branches that would accommodate existing and
ultimate development without causing downstream
flooding. Systems such as this would require careful
thought in calculating a cost sharing and allocation
formula that would best suit the financial structure of
the area. The main thrust of an ideal "Stormwater
Management Master Plan" would be to reduce long term
capital expenditures, while reducing the hazards of

flooding.

The following management practices could be used to
effectively modify current drainage patterns and
adequately control stormwater runoff to provide a
safer, healthier environment. These practices may be
used alone, but with various combinations and the
adaptation of a set of guidelines for stormwater runoff
control, a more efficient and long term solution may be

obtained.

Description of Practices

1) Infiltration Basins

Infiltration basins are either natural or
excavated open depressions of varying size in the
ground surface for storage and infiltration of
stormwater runoff. This type of management
practice is best suited to control drainage areas

ranging from 5 to 50 acres in size. While they



2)

require ample space and permeable soils, this type
of system is the least expensive to construct per

unit of water handled.

Infiltration basins have two major requirements
for adequate performance. First, the soils in the
vicinity must be permeable to enable the
stormwater runoff to be completely drained within
3 days following the occurrence of a storm event.
Second, the existing water table must be well

below existing grade.

Due to the large amount of type "c¢" and "d" soil
groups found in this area, this type of system may
have limited use. Effectiveness may be increased
by combining other practices such as detention
basins, vegetative buffer strips and vegetated

swales.

Most moderately sized commercial projects are
ideal for this type of system if conditions suit.
Infiltration basins can be constructed inside the
buffer areas and in any open space areas that are

convenient to the drainage scheme of the project.
Infiltration Trenches

Infiltration trenches are excavated trenches,
generally 2 to 10 feet in depth, backfilled with
stone aggregate, allowing for temporary storage of
stormwater runoff in the wvoids between the

aggregate material. Infiltration trenches usually



3)

serve an area up to about 5 acres. Permeability of
the soil and depth to seasonal high water table

are limiting factors for this practice.

This practice is very similar to the infiltration
basin, except that infiltration trenches do not
require as much surface area. However, more
rigoroﬁs sediment and erosion control techniques
must be incorporated into the design of the entire
project to ensure that trenches do not prematurely

diog.

If conditions permit, this practice is very well
suited for most small sites. Although cost may be
prohibitive, this system may be a "space saving"

alternative to other associated practices.

Dry Wells

A dry well is very similar to an infiltration
trench. A dry well is generally much smaller and
has an inflow pipe. This practice is generally
used to capture stormwater runoff from rooftop
areas of less than 1 acre. Another use can be

found in storm drain infiltration catch basins.

For any application, the site conditions must
include soils that are suitable for infiltration
with depth to the top of the seasonal high

groundwater table.



5)

This type of practice would be most effective when
combined with other systems such as infiltration
trenches or infiltration ponds. Large buildings,
such as Pines Plaza Shopping Center, could
incorporate this practice into the drainage scheme
for the roof leaders. This would help to reduce
the stormwater runoff flowing across the pavement

on most large projects.

Porous Asphalt Paving

Porous asphaltic paving material and a high void
aggregate base allow for rapid infiltration and
temporary storage of stormwater runoff. This type
of system works well when installed and maintained
properly. However, when installed and maintained
as per the guidelines set forth in the "Standards
and Specifications for Infiltration Procedures"

(DNR-WRA 1984) this practice can be very cost

prohibitive.
Vegetative Practices

In these practices, various forms of vegetation
are used to enhance the pollutant removal, habitat
value, and appearance of the site. Although these
practices are generally not capable of completely
controlling the stormwater runoff and exportation
of pollutants from the site, they can be used to

help improve the adequacy of other management

10



6)

7)

8)

practices. Often these systems are added to
existing management systems to aid in improving

runoff characteristics.

Grassed Swales

Grassed swales are typically used in low density
developments and as an alternative to curb and
gutter. Due to the limited capacity of swales,
they often must lead into storm drain inlets or
ﬁolding structures to prevent erosion during large

concentrated flows.

Filter Strips

Filter strips are designed specifically to accept
evenly distributed, overland sheet flow.
Relatively inexpensive to establish, filter strips
can be incorporated into other management
practices such as infiltration trenches. When
constructed properly, the filter strip will remove
most of the particulate pollutants, therefore

reducing the clogging problem present with the use

of infiltration trenches.

Urban Forestry

This practice involves either preserving trees
during construction, or landscaping after the site
has been developed. With careful design
considerations, the <cost and maintenance

requirements for most urban forestry practices are

11



9)

10)

quite low, while the environmental amenity value

is often very high.

This type of practice generally produces 30-50%
less runoff than grassed lawns. However, this
practice is best suited to residential areas and

large buffer areas.

Extended Detention Ponds

ﬁepending on the quantity of stormwater runoff
detained, and the time over which it is released,
extended detention ponds can significantly reduce
the flooding affects at the downstream outlet.
This type of management practice generally require
a two-stage design, whereby the top portion of the
pond is to remain dry most of the time and a
smaller portion of the pond near the riser is
regularly inundated. Although this practice
requires more maintenance, it is  easily

implemented in existing detention ponds.

Wet Ponds

Wet ponds, if properly sized and maintained, are
an extremely effective water quality management
practice. On very large, more intensively
developed projects, wet ponds are most cost
effective. Through careful design considerations,
wet ponds can provide stormwater management,
pollutant removal, and habitat improvement.

However, due to maintenance and nuisance problems,

12



11)

wet ponds are most suited for large development
sites where the general public does not come in

direct contact with the pond.

Borrow Pits - Commercial

The existing borrow pits in the vicinity could be
used as extended detention wet ponds. The ponds
could possibly be enlarged or deepened to
accommodate the additional stormwater runoff. By
ﬂsing water gquality practices and individual
retention/detention structures, the existing
downstream outlet would be protected from erosive

flooding.

13



SITE ASSESSMENTS

Various Worcester County officials (previously identified in
Section 1 of this Report) have identified the Pines Plaza
Shopping Center and the Five-L-Park area as the existing
"problem area" within the study area. This area has
experienced rapid growth and currently has poor drainage

characteristics.

Specific sites in and around this problem area were
investigatéd to determine what methods of drainage or
stormwater management was utilized on each site. Ay
drainage related problems found on site were recorded to
help assess the effects of the existing development on the
nearby drainage systemns. Results of these field
investigations were recorded on worksheets entitled "Site
Assessment Data" which may be found in Appendix 1. Fourteen
sites were investigated in this manner. Location of these
sites are indicated on Figure 3-1. Slide photographs of the
sites were taken, and a description of the slides can be

found in Appendix 1.

Information contained on these worksheets includes site
location and description, soil types, stormwater management
and drainage measures, and a description of problems
encountered along with suggested resolutions for the
problens. Ten sites were found to have drainage problems
resulting from poor grading, obstructed drainage ways, or
lack of suitable outfalls. Four sites were found to have
stormwater management related problems resulting from
improperly designed, constructed, or maintained facilities.

Six sites did not have any observable stormwater management

14



measures in place. Three sites were found to be adequately
drained with functioning stormwater facilities. Some of the

sites experience multiple problems.

Although solutions to existing problems have been suggested
within the "Site Assessment Data" format, it is possible
that better solutions may result from the implementation of
a regional storm drainage plan. Regional solutions will be

discussed further in Section 5 of this Report.

15
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4. STORMWATER MANAGEMENT PROJECTIONS
"Quick TR-55" computer software utilizing the tabular
hydrograph method was used to determine the peak discharge
(Q) in cfs. The runoff curve number and time of
concentration were calculated using the latest TR-55
worksheets (Second Edition). Computer printouts and
worksheets may be found in Appendix 2.
Stormwater management calculations were performed for 2
year, 10 year and 25 year, 24-hour rain events for the
existing (1988) conditions, assumed future (year 2000)
conditions and the ultimate development conditions.
Results of these calculations may be found below in Table 4-
1 "Peak Stormwater Projections."

TABLE 4-1
PEAK STORMWATER PROJECTIONS
(cfs)
2 Year Storm 10 Year Storm 25 Year Storm

1988

(existing) 381 755 913

2000

(Future) 695 1331 1596

Ultimate 927 1644 1936

Buildout

16



The Study Area was broken down into four main drainage areas
outletting to Manklin Creek as shown in Figure 4-1. The
remaining portions of the Study Area drain into other
watersheds including Wind Mill Creek and Turville Creek. The
total contributory drainage area to Manklin Creek within the

Study Area is approximately 800 acres.

As shown in Table 4-1, predicted growth within the Study
Area will cause a 82% increase in the two year storm peak
discharge by the year 2000, and a possible increase of over
200% if uléimate buildout conditions are reached. As there
are existing drainage and stormwater management problems
within the Study Area, it is obvious that the anticipated
increases in stormwater flow will lead to aggravation of the
existing problems. Preliminary calculations of the amount
of pond detention storage necessary to control the year 2000
runoff to 1988 levels indicate that a volume of 23.4 acre-
feet will be required (see hydrograph overlay number 1,
Appendix 2). In addition, calculations indicate that
approximately 51.7 acre-feet of storage will be required to
manage the ultimate peak discharge to 1988 levels. Given a
high value of land in the coastal region, it can be seen
that providing proper management could be an expensive

proposition.

However, as indicated in Section 2 "Best Management
Practices" we do not feel that the County should rely solely
on a system of scattered retention ponds. In order to
preserve water quality it is necessary to create management
designs which address more than the equalization of peak

flows.

17



One of the major runoff characteristic changes caused by
development within a watershed is the reduction in
stormwater time of concentration. This problem is
illustrated by the reduction in total estimated time of
concentration from the 1988 figure of 5.5 hours, to 4.15
hours in 2000, to 2.1 hours under ultimate buildout
conditions. Typically, most local stormwater management
ordinances are very restrictive on peak runoff quantities,
but fail to address the character of the runoff. 1In effect,
a reduced time of concentration generally changes runoff
characteristics from overland flow to concentrated or point

source runoff.

Although the Maryland Department of the Environment,
Sediment and Stormwater Division, stresses the use of
infiltration measures and other best management practices
ahead of alternatives such as dry detention ponds, the
relative recentness of this push has not had time to change
"standard" ideas in the construction industry; and the high
construction costs associated with many infiltration
measures add to the disfavorable image of these practices.
The future thrust of stormwater management legislation will
require management of runoff quality in addition to control

of peak outflow quantities.

18



REGIONAL RECOMMENDATIONS

The following paragraphs detail actions which may be taken
to provide relief to existing drainage problems and to
prevent future development from increasing the number and
scope of these situations. It apppears that the drainage
problems are more a matter of inconvenience than a threat to
life or property (with the exception of crawl space flooding
under the Groff Building) at this time. As a relatively
low, flat area, there will be only a certain amount of
drainage cépacity possible, after which further increases in
stormwater quantities will cause the drainage problems to

become more than an inconvenience.

A. The ditches in the existing developed commercial areas
of the Study Area consistently showed signs of a lack
of maintenence. Most showed signs of sedimentation,
weeds, trash, misshapen culverts, and other
disfigurements of the flow line. It appears that the
site owners are neglecting ditch maintenance, and
viewing it as a function of the Worcester County Roads
Department. As the geographical size and diversity of
the County does not allow the Roads Department to
concentrate its maintenance efforts on one small
section of the County, it will be necessary to form
some type of drainage association or coalition, which
will require, at a minimum, the site owners to clean
and mow the ditches on a regular basis. It will also
be necessary to establish some type of incentive for
these owners to take the responsibility seriously, such
as a monetary credit for a good maintenance record, or

a fine for poor maintenance.

19



Many of the sites identified in Appendix 1 have
recommendations that existing ditches be re-excavated
and subsequently stabilized. This should be a first
order of business in correcting the problems, and may
serve as the focal point for establishing the drainage
association. 1In particular, the regrading of the ditch
alongside Site #10, whcih is supposed to handle the
southerly portion of the shopping center and associated
Five~l, Drive properties, should be considered. Sites
with specific recommendations for improved drainage
includé Site #1, 5, 6, 7, 9, 10, 12, 13, and 14. These

recommendations may be found in Appendix 1.

The major regional drainage features within the Study
Area are the large State Highway Administration ditches
along the north and south sides of the Maryland Route -
90 right-of-way. As identified in the site
assessments, these two ditches are wide and deep with
large flow capacities which are being reduced by the
effects of substantial plant growth within the ditch.
These ditches should be maintained to provide as great

a flow capacity as possible.

The State Highway Administration’s standard stance on
the use of its drainage facilities is to 1limit any
contributor to existing flows as of the time the
facility was constructed. In view of this, any type of
major regional drainage plan should not involve the use
of the existing ditches for more than an outlet for

stormwater which has previously been managed.

20



One general type of regional facility which may merit
consideration would be to utilize the land adjacent to
the State Highway Administration ditches and right-of-
way as a low 1lying "floodable" area which could
function in one of two ways: first, the structure
could be designed to allow flooding for a period of two
days or less, and the land could be used for playing
fields or some other type of recreation activity; or,
the area could function as a non-tidal wetland with the
water standing for a longer period of time with the
area gerving as a "habitat preserve" for species of
plants and wildlife indigenous to local non-tidal
wetlands. Either one of these designs would be sized
to outlet stormwater to the major ditches at a
controlled flowrate, and the extended detention, plus
shallow depth of storage, would allow for improvement

of stormwater quality.

There are two major considerations which must be
addressed to implement a plan of this nature. The
first problem involves acquisition of the land, or a
right-of-way to the 1land, adjacent to the ditches.
Given the cost of real estate in the Study Area, this
may present a significant cost. The second major
problem would be designing the structure at a suitable
elevation to accept run-off from a large enough area to
justify the construction costs, yet still be able to
outlet the structure into the existing ditch. However,
given the depth of the existing ditch, it is felt that

a suitable design could be obtained.

21



Implementation of the best management practices (BMP’s)
previously detailed in this report should be required
on a site-by-site basis throughout the Study Area.
This particular strategy will require regulatory
"muscle" to put the practices into construction. It
remains a regional solution given the necessity of
eliminating existing, and preventing future, problens
within the Study Area. In particular, the following

BMP’s should be considered:

1) .Use of vegetative filter strips adjacent to paved
areas. This is significant in two ways; first,
the use of this technology requires sheet flow
onto the strips which increases time of
concentration; and second, the vegetation provides
a means of removing pollutants from the

stormwater.

2) All future ditchwork in the area should be
designed using wider, flat bottom ditches. A
typical ditch would have 4:1 sideslopes (or
flatter) with a two (2) foot wide flat bottom
(minimum) . This practice, while requiring more
surface space to be used for drainage, allows for
more flow at shallower flow depths. This allows
easier maintenance of the ditch, more filtration
by vegetation within the ditch, and a greater
safety factor if the ditch is overburdened with
run-off, or through a 1lack of maintenance. In
general, this type of broad shallow drainage is

more in keeping with natural drainage patterns

within a coastal area.
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3)

The use of wet ponds, especially for commercial
sites. The typical wet pond in this area should
be designed to penetrate permeable soil layers
below grade if these are within 10’ of grade. The
ponds should be designed to depths greater than
six feet, should utilize steep sideslopes (1:1 or
whatever so0il conditions allow) to increase
storage per foot of "commercial" area used, and
should normally retain the two year storm.
Greater storms would discharge through typical
ﬁond outlet structures with the 10 year storm
outletting at the pre-development 2 year peak
outflow. Design of the wet ponds in this manner
would allow them to function as infiltration ponds
for most storms, but would provide a suitable
outlet for more extreme occasions. Use of the
bermed infiltration pond has been very successful
for disposal of effluent water in the low lying
coastal areas of Dorchester County, and should
function satisfactorily in other coastal areas if
the permeable stratum is reached. An additional
benefit of ¢the wet pond 1is that it allows

pollutants to settle out of the stormwater run-

off.

Wet ponds also provide the site owner with a
source of irrigation water. Instead of using
water from a confined aquifer for irrigation,
stormwater is an available resource which can be
utilized for this purpose if it isn’t drained as

quickly as possible into the waters of Manklin

Creek. A commercial area, such as the Pines Plaza
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Shopping Center, could use this water to irrigate
the parking lot islands and other landscaped
areas. Salisbury State University is currently
using a system where parking lot storm drains are
connected to stone beds under the parking islands,
and the stormwater run-off irrigates the plantings
instead of flowing into a tributary of the

Wicomico River.

There are three non-tidal wetland areas shown on the
National Wetlands Inventory (NWI) maps for the area
(Salisbury SW 38-22-30, 75-15 and 38-15, 75-15), not
including the abandoned gravel pits. These areas are
shown in Figure 1-1, 1-2 and 4-1. Two of the areas are
adjacent to the State Highway Administration right-of-
way for Maryland Route 90 and would make logical
choices for areas receiving stormwater management
facilities detailed in 5B above (non-tidal wetlands

draining to the State Highway Administration ditches).

It is reasonable to expect that non-tidal wetlands will
soon be protected from development. The County may be
able to begin its protection plan by including these
areas into a drainage/stormwater management plan for
this Study Area, which would prevent development in
these sensitive areas. The major drawback to this
aspect of the plan would be identification of the non-
tidal wetland areas. The NWI maps have proven to be
somewhat difficult to use on a site-by-site basis
considering the 1:24,000 scale and their relative
inaccuracy. Attempts to use these maps in developing

Critical Areas Maps for Dorchester County did not
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always prove fruitful. Non-tidal wetlands are more
accurately located using vegetative and soil indicators

during a site investigation.

A general suggestion evolving at the beginning of the
study highlighted the use of existing gravel pits in
the area for accomodation of dfainage within the Study
Area. After discussion with various local officials,
and site investigations, it is not felt that this
remains a viable option. Four of the five large borrow
pits are located within Ocean Pines, and the management
of the Ocean Pines Association is strongly against the
introduction of additional drainage and run-off into
what they consider to be an overloaded system. The
final borrow pit, located to the southwest of the
existing commercial center, 1is located upgrade from
existing drainage problems. This can be seen from
slide #2-7 found in slide pocket 53. As a result, the
use of wet ponds as described in 5C(3) above would be

more beneficial.
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REGULATORY GUIDELINES

The development of an "YUpper Manklin Creek Watershed"
drainage area with =stiffer stormwater management
requirements is recommended. The requirements would be
developed in addition to those already enforced under the
Worcester County Natural Resources Article of the Code of
Public Laws, Title 2, Subtitle 1, Section 2-101 and
following, known as the Stormwater Management Ordinance.
Development of these additional criteria should be in
accordance~ with +the Maryland Department of Natural
Resources, Coastal Resources Division, Policy 4 "Plan and
Design Development to Minimize Alterations of the Natural

Hydrologic Cycle", excerpted here:

Strategies for development should focus on duplicating
natural hydrologic conditions by using effective site
designs and structural approaches that serve a similar
function and avoiding structures that block the free
movement of water in the systen. In general, new
development should be designed so that 1less than
fifteen percent of the rainfall on a site is shed as
surface runoff. Remaining stormwater should be
infiltrated to maintain ground water or should be
returned to the atmosphere by evaporation and
transpiration. As well, the movement of tides,
streams, and rivers should not be impeded by new
structures. Development guidelines that can help to

achieve these standards include:
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1. Incorporate stormwater management practices into

design _and location criteria for new development.

Infiltrate stormwater runoff from impervious surfaces
close to where it falls as rain in order to reduce the
need for expensive control and channeling structures
and to avoid concentrating impurities to levels that
overwhelm the capacity of natufal systems. For

example,

Break large areas of impervious surface into

several smaller areas.

Maintain natural vegetation as open space buffers

between adjacent uses and to provide privacy where

desirable.

Direct runoff from impervious surfaces across
filter strips and through naturally vegetated

areas.

Avoid concentrating stormwater into channels,

favoring sheet-flow instead.

Use porous surfaces to allow direct infiltration

of stormwater.

Where immediate infiltration is impractical, direct
stormwater runoff to detention or retention facilities.
In this way, excess runoff can be detained long enough
to percolate into the ground or can be released at a

rate that more nearly approximates natural release
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rates. This helps to maintain normal, cyclic high and

low flow characteristics. For instance,

Use stormwater retention and detention structures
to accomplish both sediment control and toxics

removal objectives.

Create stormwater management wetlands, and employ

them to slow the movement of stormwater.

Within the framework of this policy, several recommendations
for specific regulatory actions are made in the following

paragraphs.

A. Protect non-tidal wetlands from development. These
areas should be used solely as receiving areas for non-
concentrated or shallow concentrated stormwater flows,
and these areas should also have positive outflow
structures for flows above the storage capacity of the
wetlands area. All flows above the natural storage
capacity should be released via a positive outlet at
the two year design flow. As a minimum requirement,
all non-tidal wetland areas should handle, or be
enlarged to handle, storage of the post-development

five year storm event.
B. All sites slated for development within the Upper

Manklin Creek Watershed should be required to utilize

best management practices (BMP‘’s) as detailed in
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Section 5C and above in the Maryland Department of
Natural Resources Policy 4. The order of

implementation should be:

1) Total infiltration of the post-development two

year storm.

2) Partial infiltration of the post-development ten
year storm with the remainder released at the pre-

development two year release rate.

3) Use of the wet pond, preferably excavated to a
permeable soil stratum, with release of the post-
development ten year storm at the pre-development

two year storm release rate.

4) Other BMP’s as implementable on a site-by-site
basis, with particular attention being stressed on
vegetative filter strips to improve water quality,
and measures to increase the post-development time
of concentration such as increased use of sheet

flow.

Requirements on the particular details of any

stormwater management plan within the watershed should

include:
1) A maximum size of continuous paving allowed
between vegetative filter strips. A

recommendation would be to allow no more than 9600

square feet of paving in between twenty feet wide
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2)

3)

4)

5)

6)

filter strips. Use of porous pavement where soil
conditions permit could be allowed in lieu of this

requirement.

The use of wider, flatter ditches as mentioned
previously. Minimum sideslopes of 4:1 and a

bottom width of two feet should be required.

Storage of the ten year post-development storm
with a two year pre-development release rate for
any site using the conventional dry detention
pond, or any other method not incorporating the

use of BMP.

Bond requirements should be increased to include
two years of satisfactory operation in addition to
construction of the management structures in

accordance with the approved plan.

All new ditches and drainage facilities should
require a maintenance agreement from the site
owner to insure the flow capacities of the new
facilities (in addition to the maintenance
agreement normally required with stormwater

management plans).

As-~built plans of all stormwater management and
drainage facilities should be required. These as~
built plans should require actual field elevations
and locations. It may best serve the County’s

interests to have the as-builts done by a County
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survey crew, with the site owner responsible for
the fee. This could be incorporated through
additional resources being allocated to the County
Roads Department, or the Soil Conservation
District. The as-built plans will be the most
effective measure possible to insure the proper
construction of the proposed drainage and

stormwater management facilities.
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APPENDIX 1



Site #1
WORCESTER COUNTY COMMISSIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE NAME: Pines Plaza Shopping Center AREA (ACRES): 9.7 +/-

80IL TYPES: WoA (-), En, WAA (-)

LOCATION: Parallel to Cathell Road and Five L Drive
Adjacent to E.S. Adkins

CONTRIBUTORY DRAINAGE AREA TO: Cathell Road and Five L Drive
Roadside Drainage Ditches

SITE DESCRIPTION: Strip shopping center with large parking lot, no
curb & gutter in front, landscaped parking islands,
loading/unloading area in rear. Access can be obtained from
Cathell Road and Five L Drive.

STORMWATER MANAGEMENT MEASURES: Infiltration trenches. Several

trenches are located in the parking lot island, others are
located in the lawn areas.

DRAINAGE MEASURES: The front parking lot sheet flows toward the
parking lot islands and away from the building. This lot also
flows toward the drainage ditch along Cathell Road. The rear
loading/unloading area drains toward a grass strip between the
pavement and the roadside ditch. This grassed area has a long
infiltration trench installed in it.

DESCRIPTION OF PROBLEM: The infiltration trenches are not operating
adequately. The water level below the grade was found to be
anywhere from 12" to 24" below existing grade. There were
several low spots around the end of the trenches where water
appears to have ponded. Soaker hoses are located in the parking
lot islands. These hoses are saturating the soil and carrying
sediment into the trenches. Water stains were visible on the
pavement where the stormwater has passed the infiltration
trenches and flowed to the roadside ditches. The surrounding
roadside ditches are in need of cleaning, regrading and
stabilization. The ditches along Five L Drive have large amounts
of debris and trash in the flowline.



WORCESTER COUNTY COMMISSIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE #1

Recommendations:

1.

Infiltration trenches should be excavated (test pits)
and examined to determine if operational problems are
due to clogged media, or failure of the trench to reach
a permeable stratum. Further corrective actions on the
infiltration trenches would depend upon the findings of
the investigations. If the trenches were not excavated
to a sufficient depth, the only way to make the system
function is to dig up the system, excavate the trenches
to a sufficient depth, and reinstall the media.
Clogged media at or near the surface of the trenches
could be replaced.

Also, if one does not exist, the Shopping Center owners
should be required to sign a Maintenance Agreement
which allows the County to yearly inspect and test the
facilities at the expense of the owners.

Irrigation of vegetation within the parking lot islands
has undoubtedly been necessary over the past several
summers to maintain healthy plant growth. However, the
irrigation should be monitored to prevent over-
irrigation and unnecessary run-off into the
infiltration trenches.

Ditches surrounding the property should be cleaned,
regraded and stabilized where the effects of erosion
and siltation are present. Ditches which are the
responsibility of the County Road Department should be
cleaned and mowed and provided dgeneral upkeep on a
regular basis to prevent the problems present during
the site investigations. If the County Road Department
does not have the manpower necessary to keep the trash
cleaned out of the ditches, a maintenance program
placing the burden of responsibility on the site owners
should be implemented.



Site #2
WORCESTER COUNTY COMMISSIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE NAME: McDonalds AREA: Undetermined

SOIL TYPES: FmB, SaA (-), WdA

LOCATION: South side of Md. Rt. 589 east of the Md. Rt. 90 overpass

CONTRIBUTORY DRAINAGE AREA TO: Md. Rt. 589 drainage ditches
(entrances are only contributor.)

SITE DESCRIPTION: McDonalds Fast Food Restaurant with paved parking
lot. Access can be gained from Md. Rt. 589.

STORMWATER MANAGEMENT MEASURES: Stormwater management pond and
infiltration basin. Appeared to be operating adequately. Pond
was large but shallow with a trash "fence" around the outlet.
The outlet was a concrete flume with a "V" notch weir to control
the discharge. This flume discharges into a small depressed area
with approximately 2" = 3" stone lining the bottom.

DRAINAGE MEASURES: Entrances off of MA. Rt. 589 drain to roadside
ditches. The remainder of the project area sheet flows to the
curb and gutter which slopes towards the rear of the site to
"curb cut" outlets which then follow shallow swales to the
Stormwater Management Pond.

DESCRIPTION OF PROBLEM: None Present




Site #3
WORCESTER COUNTY COMMISSIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE NAME: Taylor Bank AREA: Undetermined

SOIL TYPES: En, WoA, LmB

LOCATION: North side of Md. Rt. 589 at the intersection with Cathell
Road

CONTRIBUTORY DRAINAGE AREA TO: Cathell Road and Md. Rt. 589 roadside
drainage ditches

SITE DESCRIPTION: One bank building with drive thru. Paved parking

lot and sidewalks near the building. Access can be obtained
from Cathell Road.

STORM WATER MANAGEMENT MEASURES: Infiltration trenches (as shown on
SCS plans).

DRAINAGE MEASURES: Sheet flow towards roadside drainage ditches

DESCRIPTION OF PROBLEM: None present



Site #4
WORCESTER COUNTY COMMISSTIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE NAME: Shore Stop/Atlantic National Bank AREA (ACRES): 2.9 +/-

SOTL TYPES: Wda, MdB

LOCATION: South side of Md. Rt. 589 west of Md. Rt. 90 overpass

CONTRIBUTORY DRAINAGE AREA TO: Md. Rt. 589 drainage ditch

SITE DESCRIPTION: Two separate buildings with adjoining paved parking
lots. One building contains the Atlantic National Bank and the
other contains the Shore Stop (a convenience store). Access to
both buildings is gained from Md. Rt. 589.

STORMWATER MANAGEMENT MEASURES: Stormwater management pond/sediment
basin with riser pipe and outlet to existing drainage ditch.

DRAINAGE MEASURES: Sheet flow across parking lots to storm drain
inlets that pipe the runoff to the stormwater management pond.
The entrances off of Md. Rt. 589 drain to the roadside ditches.

DESCRIPTION OF PROBLEM: None present. Existing system seems to
operate adequately.



Site #5
WORCESTER COUNTY COMMISSIONERS
UPPER_MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE NAME: Groff Plaza & Groff Real Estate AREA (ACRES): 4.4 +/-

SOIL TYPES: WoA, En

L.OCATION: North side of Cathell Road at intersection with Md. Rt. 589

CONTRIBUTORY DRAINAGE AREA TO: Md. Rt. 589 and Cathell Road drainage
ditches

SITE DESCRIPTION: Two separate buildings with connective gravel
parking lots. One building contains several retail businesses
and offices. The other building houses Groff Real Estate and
Martin Groff Construction. Access can be obtained from Cathell
Road.

STORMWATER MANAGEMENT MEASURES: Infiltration basin with overflow to
Md. Rt. 589 drainage ditch.

DRAINAGE MEASURES: Roadside ditching along Md. Rt. 589 and Cathell
Road. Shallow swales direct stormwater to the infiltration
basin and to Md. Rt. 589. Parking lots have little or no
slope and sheet flow towards Md. Rt. 589.

DESCRIPTION OF PROBLEM: Drainage and stormwater management systems are
overburdened. Stormwater from Pines Plaza Shopping Center ponds
at the north side of Cathell Road and follows a shallow, stone
lined swale to the infiltration basin. The runoff from Cathell
Road and the Pines Plaza Shopping Center has "washed out"
portions of the parking lot. The additional runoff has flowed
toward the building and collected in the crawl space. The
infiltration basin has overflowed and a shallow swale directs the
overflow to Md. Rt. 589 drainage ditch.




WORCESTER_ COUNTY COMMISSIONERS
UPPER MANKLIN CRFEEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE #5

Recommendationsg:
1. Stormwater conveyance systems from the Pine Plaza

Shopping Center through the site must be improved, or
the run-off should be at least partially redirected.
From conversations with local officials, it appears
that some of this work may have been undertaken since
the time of our site investigations. If the burden of
the additional of the stormwater from the Pine Plaza
Shopping Center is removed from this site, it appears
that the existing management facility may be sufficient
to handle the site run-off.



Site #6
WORCESTER COUNTY COMMISSIONERS
UPPER_ MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

S8ITE NAME: Vacant Building AREA (ACRES): 1.5 +/-
(formerly Resort Furnishings)

S80IL TYPES: WoA

LOCATION: North 'side of Cathell Road adjacent to Groff Plaza

CONTRIBUTORY DRAINAGE AREA TO: Cathell Road and Md. Rt. 90 drainage
ditches.

BITE DESCRIPTION: Large vacant building located between Cathell Road
and Md. Rt. 90 off ramp to Md. Rt. 589. Tar and chip parking

lot. Access is gained from Cathell Road through the entrance to
Groff Plaza.

STORMWATER MANAGEMENT MEASURES: Infiltration basin. No visible inlet
or outlet structures.

DRAINAGE MEASURES: Sheet flow towards infiltration basin and roadside
ditches. A small swale starts at the east side of the building
and continues to the infiltration basin at Groff Plaza.

DESCRIPTION OF PROBLEM: Infiltration basin not functioning adequately.
Nc emergency spillway, much of the stormwater runoff from the
site cannot reach the basin. Ditch along off ramp is very deep
with steep sideslopes, and heavy brush and trees.



WORCESTER COUNTY COMMISSIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE {6

Recommendations:

1.

Drainage of stormwater to the infiltration basin needs
to be improved, as the existing sheet flow drainage
does not seem to be collecting and carrying the
stormwater efficiently. Also, the infiltration basin
does not appear to drain adequately. This may be
caused by a build-up of sediment in the bottom of the
basin, or the basin may not be deep enough. It is
recommended that the bottom of the basin be examined
and re-excavated if necessary.

In addition, it appears that a problem affects the
entire area behind Sites 6, 7 and 8 which is the
condition of the large, deep ditch, constructed by the
State Highway Administration, which serves Route 90.
This stormwater conveyance system has developed a heavy
brush and small tree cover within the ditch which
affects the flow pattern and limits capacity. It is
recommended that the State Highway Administration be
contacted concerning a possible time schedule for
cleaning their ditches in this area..



Site #7
WORCESTER COUNTY COMMISSIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE:NAME: Caliban AREA (ACRES): 1.7 +/-

SOIL TYPES: WoA

LOCATION: North side of Cathell Road adjacent to the Long and Foster
Office building.

CONTRIBUTORY DRAINAGE AREA TO: Cathell Road and Md. Rt. 90 roadside
drainage ditches

SITE DESCRIPTION: Office building with gravel parking lot. Large lawn
area. Access can be obtained from Cathell Road.

STORMWATER MANAGEMENT MEASURES: None present

DRAINAGE MEASURES: Positive drainage away from building. Sheet flow
towards drainage ditches. Ditching along Cathell Road near Md.
Rt. 90 and along eastern property line to Md. Rt. 90 ditch.

DESCRIPTION OF PROBLEM: Ditches along property line and near Md. Rt.
90 have heavy brush and small trees throughout. Ditches need to
be cleaned, stabilized and maintained.



WORCESTER COUNTY COMMISSIONERS
UPPER _MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE #7
Recommendations:
1. The ditches along the property lines and in front of

this property need to be cleaned, stabilized, and
maintained. As noted in the recommendations for Site
#1, if the Worcester County Roads Department does not
have sufficient manpower to maintain the ditches, the
site 'owners should be required to enter into an
agreement for keeping the ditches cleaned out.



Site 48
WORCESTER COUNTY COMMISSIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE NAME: Long and Foster AREA (ACRES): 1.7 +/-

S8OIL TYPES: WoA

LOCATION: North side of Cathell Road across from E.S. Adkins

CONTRIBUTORY DRAINAGE AREA TO: Cathell Road and Rt. 90 roadside
drainage ditch

SITE DESCRIPTION: One building that includes the Long and Foster
Realty Office, a mail room, and an Ocean Pines Information
Office. Gravel parking lot and well maintained lawn area.
Access can be obtained from Cathell Road.

STORMWATER MANAGEMENT MEASURES: None present

DRAINAGE MEASURES: Positive drainage away from building. Sheet flow
to adjacent ditches.

DESCRIPTION OF PROBLEM: Ditch along Cathell Road is well maintained.
Ditch to the rear of property towards Md. Rt. 90 is very deep
with standing water. Sideslopes are steep and heavy brush and
small trees are found throughout.



Site #9
WORCESTER COUNTY COMMISSIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE NAME: E.S. Adkins AREA (ACRES): 1.1 +/-

S0IL TYPES: WOA

LOCATION: Western intersection of Cathell Road and Five L Drive

CONTRIBUTORY DRAINAGE AREA TO: Cathell Road drainage ditch

SITE DESCRIPTION: Lumber and hardware store with paved parking lot and
fenced-in, paved storage area. Access to site can be gained from
Cathell Road and Five L Drive.

STORMWATER MANAGEMENT MEASURES: Infiltration trenches with several
monitoring wells.

DRAINAGE MEASURES: Sheet flow across parking lot towards infiltration
trenches. Roadside ditches along Cathell Road lead to a concrete
block holding tank that then releases the stormwater to the ditch
further down Cathell road after crossing underneath Five L Drive.

DESCRIPTION OF PROBLEM: Infiltration trenches appear to be working
very well. Water level was 3.0’ or more below existing grade.
The roadside ditches along Cathell Road need to be regraded and
stabilized. The existing ditches are in very poor condition
towards the rear of the site. The bottoms of the ditches are
lined with silt and sediment. A trash rack needs to be installed
in the concrete holding tank to prevent trash from being released
into the drainage ditch along Cathell Road.



WORCESTER COUNTY COMMISSIONERS
UPPER MANEKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE #9

Recommendations:

1.

We recommend that the Cathell Road ditches be regraded
and stabilized to establish a more defined flowline.
An agreement for ditch maintenance should be obtained
from the site owners. Also existing on-site ditches in
the rear of the site are in poor condition, the bottoms
of these ditches need to be re-excavated and
stabilized.

It is recommended that a trash rack be installed on the
concrete stormwater holding tank to prevent trash from

being released into the drainage ditch along Cathell
Road.



Site #10
WORCESTER COUNTY COMMISSIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE NAMFE: Warehouses AREA (ACRES): 1.0 +/-

S0IL TYPES: En

LOCATION: Five L Drive - East end near office building

CONTRIBUTORY DRAINAGE AREA TQO: Five L Drive drainage ditch and
drainage ditch through woods

SITE DESCRIPTION: Mini-warehouse storage buildings with gravel parking
lot/driveways. Six feet tall chain link fence. Access can be
obtained from Five L Drive.

STORMWATER MANAGEMENT MEASURES: None present

DRAINAGE MEASURES: Little or no slope on parking lot. Drainage ditch

in rear is half in the woods, it appears to have 1little or no
slope. :

DESCRIPTION OF PROBLEM: Ditches need cleared so that trees and brush
do not restrict the flow. The ditch in the rear does not appear
to have a positive outlet.



WORCESTER COQUNTY COMMISSIONERS
UPPER MANKLIN CREEK_DRAINAGE STUDY
SITE_ASSESSMENT DATA

SITE #10 -

Recommendations:

1.

The drainage problems on this site do not affect the
warehouses structurally, but are symptomatic of the
drainage problems in this area of the commercial
center. Ditches surrounding the property need to be
cleaned and stabilized.

The ditch in the rear of this site is supposedly the
main outlet for the southerly portion of the commercial
center. We recommend that since the ditch does not
appear to have a positive outlet, that it be deepened
to such an extent, if possible, that it becomes an
infiltration basin which is shaped basically as a
ditch.



Site #11
WORCESTER COUNTY COMMISSIONERS
UPPER MANRLIN CREERK DRAINAGE STUDY

SITE ASSESSMENT DATA

SITE NAME: Ocean Glass and Mirror AREA (ACRES):@

801IL TYPES: En, SaC,

LOCATION: Five L Drive, behind Pines Plaza Shopping Center

CONTRIBUTORY DRAINAGE AREA TO: Five L Drive drainage ditches

SITE DESCRIPTION: Large metal building with gravel parking 1lot.
Cleared lot, wooded in rear.

STORMWATER MANAGEMENT MEASURES: None present

DRAINAGE MEASURES: Well graded site with positive drainage away from
building. Roadside drainage ditches along Five L Drive are very
well constructed and maintained. No drainage problems visible.

DESCRIPTION OF PROBLEM: None present



Site #12
WORCESTER COUNTY COMMISSIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE NAME: Office Building AREA (ACRES): 1.2 +/-

80OIL TYPES: WAdA

LOCATION: East side of intersection of Cathell road and Five L Drive

CONTRIBUTORY DRAINAGE AREA TO: Cathell Road and Five L Drive roadside
ditches

SITE DESCRIPTION: One building containing several offices: State Farm
Insurance, Flower Shop, Atlantic Resorts Reception Center,
Century 21 and a vacant office. Tar and chip parking lot on all
sides. Access is gained from Cathell road and Five L Drive.

STORMWATER MANAGEMENT MEASURES: None present

DRAINAGE MEASURES: The parking lot sheet flows towards roadside
ditches. The ditch along Cathell Road high points on this
property and flows in both directions away from the site. The
ditch along Five L Drive high points approximately 100’ from the
intersection, flowing towards the Mini-warehouses to the south
and the storm drain culvert at the intersection of Cathell Road
and Five L Drive to the north.

DESCRIPTION OF PROBLEM: The roadside ditches should be cleaned and
maintained on a regular basis. The storm drain pipe under the
northeastern entrance is half of a pipe diameter below the ditch
bottom. The ditch along Cathell Road has no bank adjacent to the

parking lot. A more definite flow line for stormwater should be
provided.



WORCESTER COUNTY COMMISSIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE #12

Recommendations:

1.

Again, as with Site #10, the problems on this site are
symptomatic of that portion of the commercial
development area. The site owners need to establish a
flow line along the front of the property toward the
culvert pipes located at either side of the property.



Site $#13
WORCESTER COUNTY COMMISSIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE NAME: Pines Plaza Car Wash AREA (ACRES): 0.9 +/-

S80IL TYPES: Wda, En

LOCATION: West side of intersection of Cathell Road and Five I Drive

CONTRIBUTORY DRAINAGE AREA TO: Cathell Road and Five L Drive drainage
ditches.

SITE DESCRIPTION: Five bay car wash. Paved parking lot, no curb and
gutter. Self contained washing bays. Access to the site is
gained from the Pines Plaza Shopping Center parking lot.

STORMWATER MANAGEMENT MEASURES: Infiltration/retention basins. Two
basins found in this vicinity. Neither structure utilized inlet
or outlet structures. Emergency overflow appears to be the
nearby drainage ditches.

DRAINAGE MEASURES: The washing bays are self contained and drain to
inlets in each bay. The parking lot and surrounding lawn areas
sheet flow towards the infiltration/retention areas.

DESCRIPTION OF PROBLEM: The infiltration/retention basins do not
appear to be operating adequately. The water level is high and
does not appear as though it drops. These areas have visibly
overflowed into the nearby drainage ditches. The area to the
southeast has not been properly stabilized and the sides have
caved in. There is standing water between this area and the
parking lot. The basin to the northwest had a scum layer on top
of the water. Stormwater sheet flowing from Pines Plaza Shopping
Center has eroded the soil at the edge of the pavement adjacent
to the pond. Ditches along both roads need to be cleaned,
regraded and stabilized.



WORCESTER COUNTY COMMISSIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE #13
Recommendations:
1. Infiltration basins are not operating adequately and

need to be re-excavated to remove silt and/or to reach
a more permeable layer. The southeast side of the
property needs to be stabilized. 1In addition, the area
between the parking lot and infiltration basin needs to
be graded to prevent water from standing in this area.
Also, ditches along the road front need to be cleaned,
regraded and stabilized, and a maintenance agreement
provided.



Site #14
WORCESTER COUNTY COMMISSIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY
SITE ASSESSMENT DATA

SITE NAME: 7-11 AREA (ACRES): 0.7 +/-

SO0IL TYPES: SaA, FmB

LOCATION: East side of intersection of Md. Rt. 589 and Cathell Road

CONTRIBUTORY DRAINAGE AREA TO: Md. Rt. 589 - roadside drainage ditches

SITE DESCRIPTION: One commercial building (convenience store),
gasoline pumping island with overhead canopy. Paved parking lot
with curb and gutter and a sidewalk near the building. Entrance
to the site can be obtained from Md. Rt. 589 and Cathell Road.

STORMWATER MANAGEMENT MEASURES: None present

DRAINAGE MEASURES: Parking lot and surrounding lawn areas sheet flow
towards the roadside ditches. The northwestern corner of the
parking lot has a curb opening that outlets into the ditch along
Md. Rt. 589. The gasoline pumping area is self contained with a
storm drain inlet that outlets to the ditch along Cathell Road.

DESCRIPTION OF PROBLEM: The curb opening in the northwest corner needs
some sort of erosion control measure to prevent the sides of the
existing ditch from eroding. The inlet in the gasoline pumping
island either does not have a grease interceptor or an existing
structure of this type is not operating adequately to prevent oil
and/or grease from reaching the roadside ditch.



WORCESTER COUNTY COMMISSIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY
SITE 'ASSESSMENT DATA

SITE #14

Recommendations:

1.

The curb opening in the northwest corner of the
property needs stone riprap and dgravel outlet
protection to control the erosion now occurring on the
side of the ditch.

The inlet in the gasoline pumping island needs to have
a grease interceptor installed, or if there is an
existing grease interceptor, it is not being maintained
properly. The owners of the property should be required
to enter into an agreement, in either case, to assure
that o0il and grease does not continue to reach the
roadside ditch. This type of problem is reflective of
the stormwater quality aspect of drainage problems, and
needs to be addressed as such.



WORCESTER COUNTY COMMISSIONERS
UPPER MANKLIN CREEK DRAINAGE STUDY

SLIDE DESCRIPTIONS

Set 1, Slides taken August, 1988
AMA 88116

Worcester County Commissioners
Upper Manklin Creek Drainage Study

Slides taken on-site at the Maryland Route 90 and Maryland Route
589 intersection.

Slide #1-1 - intersection of cCathell Road and Route 589 on the
corner of 7-11. (Found in slide pocket 56)

Slide #1-2 - outlet pipe which discharges into the ditch along
Cathell Road. This outlet pipe appears to come from the inlet

that is located in 7-11’'s gas pumping islands. (Found in slide
pocket 33)
Slide #1-3 - end of a culvert pipe which crosses under an

entrance to the office building. (Found in slide pocket 31)

Slide #1-4 - the opposite end of the culvert pipe that goes to
the office building. (Found in slide pocket 32)

Slide #1-5 - Five L Drive from Cathell Road looking towards the
mini-warehouse buildings with the office building on the left.
(Found in slide pocket 30)

Slide #1-6 - Groff Plaza from Five L Drive, car wash on the left,
office building on the right. (Found in slide pocket 26)

Slide #1-7 - parking lot at Pines Plaza car wash, looking towards
the infiltration pond near shopping center entrance. (Found in
slide pocket 21)

Slide #1-8 - infiltration basin at the Pines Plaza car wash near
shopping center entrance. (Found in slide pocket 23)

Slide #1-9 - ditch along Cathell Road near the car wash in front
of Pines Plaza Shopping Center. (Found in slide pocket 19)

Slide #1-10 - front of the parking lot at Pines Plaza Shopping
Center from the car wash. (Found in slide pocket 22)

Slide #1-11 - Sediment Basin near the Pines Plaza car wash.
(Beside pump station.) (Found in slide pocket 25)

Slide #12 - opposite side of the sediment basin near Pines Plaza
car wash. (Found in slide pocket 24)



Slide #1-13 =~ Pines Plaza Shopping Center parking lot sloping
towards car wash. (Found in slide pocket 20)

Slide #1-14 - one of the infiltration trenches in the parking lot
islands at Pines Plaza Shopping Center. (Found in slide pocket
9)

Slide #1-15 - low area adjacent to one of the infiltration
trenches in the Pines Plaza Shopping Center, also shows the
soaker hose nearby for irrigation. (Found in slide pocket 10)

Slide #1-16 - water level in one of the monitoring wells at one
of the infiltration trenches in Pines Plaza Shopping Center.
(Found in slide pocket 11)

Slide #1-18 - Pines Plaza Shopping Center sign. (Found in slide
pocket 6)

Slide #1-19 - end of the culvert pipe under the entrance to Pines
Plaza Shopping Center. Toward E.S. Adkins along Cathell Road.
(Found in Slide Pocket 15)

Slide #1-20 - looking from the culvert in slide #19. (Found in
slide pocket 14)

Slide #1-21 - overview looking across the parking lot at Pines
Plaza Shopping Center. (Found in slide pocket 8)

Slide #1-22 - infiltration trench in the lot beside Pines Plaza
Shopping Center. (Found in slide pocket 13)

Slide #1-23 -~ large drainage ditch along Five L Drive behind
Pines Plaza Shopping Center in between the shopping center and
E.S. Adkins. (Found in slide pocket 18)

Slide #1-24 - opposite end of the drainage ditch on Five L Drive
behind Pines Plaza Shopping Center. (Found in slide pocket 17)



Set 2, Slides taken August, 1988

Slide #2-1 - parking lot behind Pines Plaza Shopping Center
looking towards Ocean Glass & Mirror. (Found in slide pocket 13)

Slide #2-2 - drainage ditch along Five L Drive behind Pines Plaza
Shopping Center in towards E.S. Adkins. (Found in slide pocket
16)

Slide #2-3 - drainage ditch behind the vacant lot on Five L
Drive. (Found in slide pocket 29)

Slide $#2-4 - pipe which crosses under the road which supposedly
drains the drainage ditch along Five L Drive into the drainage
ditch in the woods. (Found in slide pocket 27)

Slide #2-5 - corner of Five L Drive, notice to aforementioned
outlet pipe. This corner is lower then the outlet pipe and has
standing water in it. (Found in slide pocket 28)

Slide #2-6 - large pond off of Five L Drive appears to be a large
abandoned gravel pit. (Found in slide pocket 54)

Slide #2-7 - gravel road leading towards the abandoned gravel
pit. (Found in slide pocket 53)

Slide #2-8 - concrete holding structure located on E.S. Adkins
property at the corner of Five L Drive and Cathell Road. (Found
in slide pocket 45)

Slide #2-9 - drainage ditch along Cathell Road leading towards
the concrete holding structure. (Found in slide pocket 44)

Slide #2-10 - end of a curb return along Cathell Road near E.S.
Adkins. (Found in slide pocket 46)

Slide #2-11 - infiltration trench at E.S. Adkins. (Found in
slide pocket 42)

Slide $#2-12 - drainage ditch along Cathell Road looking towards
Groff Plaza in front of E.S. Adkins. (Found in slide pocket 43)

Slide #2-13 - drainage ditch near E.S. Adkins along Cathell Road.
(Found in slide pocket 47)

Slide #2-14 - opposite end of the drainage ditch near E.S. Adkins
on Cathell Road. (Found in slide pocket 48)

Slide #2-15 - beginning where Cathell Road separates from the
drainage ditch along where 0ld Cathell Road use to be. (Found in
slide pocket 39)

Slide #2-16 - off-ramp of Md. Route 90 along the drainage ditch
from 0l1d Cathell Road. (Found in slide pocket 40)



Slide #2-17 - infiltration pond located on a lot with a vacant
building which use to be Resort Furnishings. (Found in slide
pocket 37)

Slide #2-18 - Groff Plaza Building. (Found in slide pocket 34)

Slide #2-19 - infiltration basin at Groff Plaza. (Found in slide
pocket 36)

Slide #2-20 - ditch from cathell Road on Groff Plaza property
leading towards the infiltration basin. (Found in slide pocket
35)

Slide #2-21 - Md. Route 589 from the intersection of Cathell
Road. (Found in slide pocket 55)

Slide #2-22 - stormwater management pond/infiltration basin at
the Atlantic National Bank/Shore Stop on Md. Route 589. (Found
in slide pocket 49)

Slide #2~23 - rip rap line outlet to the pond at Atlantic
National Bank/Shore Stop. (Found in slide pocket 50)



Set 3, Slides taken August, 1988

Slide #3-1 - Md. Route 90 off-ramp along the drainage ditch along

Route 90 towards Long and Foster building. (Found in slide
pocket 41)

Slide #3-2 - Md. Route 90 off-ramp again looking towards the Long
and Foster Building. (Found in slide pocket 38)

Slide #3-3 ~ Cathell Road extended to the Ocean Pines pool on the
left, a small swale runs into the abandoned gravel pit. (Found
in slide pocket 69)

Slide #3-4 ~ near the pool at Ocean Pines towards Taylor Bank and
Md. Route 589. (Found in slide pocket 68)

Slide #3-5 - storm drain culvert under Md. Route 589 near the
off-ramp to Route 90. (Found in slide pocket 60)

Slide #3-6 - Md. Route 90 and its intersection with Md. Route
589. (Found in slide pocket 62)

Slide #3-7 - outlet point where the ditch along Md. Route 90
discharges into the woods. (Found in slide pocket 67)

Slide #3-8 =~ culvert under Md. Route 90 which begins along Md
Route 589. (Found in slide pocket 66)

Slide #3-9 - Md. Route 90 and Md. Route 589, outlet point in the
foreground. (Found in slide pocket 64)

Slide #3-10 - Md. Route 90 (East) outlet point in the foreground.
(Found in slide pocket 65)

Slide #3-11 - high point on Md. Route 90 at which the drainage
along this road goes toward the aforementioned outlet point and
in an opposite direction, thus ending the drainage area along
this road. (Found in slide pocket 63)

Slide #3-12 - culvert under Md. Route 589 on the opposite side of
the road from Atlantic National Bank. (Found in slide pocket 59)

Slide $#3-13 - Md. Route 589 looking towards the intersection with
Md. Route 90, taken near the Shore Stop. (Found in slide pocket
58)

Slide #3-14 - looking the opposite direction along Md. Route 589
taken near Atlantic National Bank 1looking towards one of the
gates at Ocean Pines. (Found in slide pocket 57)

Slide #3-15 - drainage ditch that comes from Md. Route 90 and
meanders up near Atlantic National Bank crosses under Md. Route

589 to go towards Route 90 again and outlet into the woods.
(Found in slide pocket 61)



Slide #3-16 -~ stormwater management pond at McDonalds on Md.
Route 589. (Found in slide pocket 51)

Slide #3-17 - concrete flume outlet with a V notch weir on the

stormwater management pond at McDonalds. (Found in slide pocket
52)
Slide #3-18 - Md. Route 589 1looking towards the Pine Plaza

Shopping Center entrance. (Found in slide pocket 1)

Slide #3-19 -~ Md. Route 589 the south entrance of Ocean Pines.
(Found in slide pocket 2)

Slide #3-20 - small swale on a sample Nanticoke home lot which
crosses underneath Md. Route 589 and toward one of the abandoned
borrow pits near Ocean Pines south entrance flows. (Found in
slide pocket 70)

Slide #3-21 - one of the borrow pits near Ocean Pines south
entrance. (Found in slide pocket 4)

Slide $#3-22 - abandoned borrow pit in the Ocean Pines south
entrance. (Found in slide pocket 5)

Slide #3-23 - Md. Route 589 opposite McDonalds looking towards
the south entrance to Ocean Pines. (Found in slide pocket 3)

Slide #3-24 - Pine Plaza Shopping Center. (Found in slide pocket
7)

(slides.wor)



APPENDIX 2

Appendix 2 is grouped by sections into existing, future, and
ultimate site conditions. Each section contains runoff curve
number calculations and time of concentration calculations by
drainage area, with the end of each section containing tabular
hydrograph output for the two, ten and twenty-five year storm
events. The tabular hydrograph output consists of sets of six
sheets for each storm event. The fourth section of Appendix 2
contains four examples of hydrograph overlay calculations which
reflect detention storage required to reduce to various future
storm flow events to the two-year 1988 levels.
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Worksheet 3: Time of concentration (T.)-or travel time (T)

UPPER MAGNKLIN CFEEL
Project (RZIMNASE S TLOY by KBE  vace 11 /08

MO T 0 Mo KT 2587
Locatlon T ot Checked Date
Clrcle one: Developed ZZCQ’.GQQZ é'ﬁfﬁd -~ t

Clircle one: @ T( through subarea

NOTES: Space for as many as two scgments per flow type can be used for ecach
varksheet.

Include a eap, schematic, or description of flov segments.

Sheat flow {(Applicadle to T, only) Segnenc ID /4
Cult.

1. Surface description (table 3-1) cvvvvennrens ,f.-glJ
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Shallow concentrated flou Segrment ID B
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{210-VI-TR-55, Second Bd..dunc 1936)



Workshecet 3: Time of concentration ('I‘C)-or travel time (T

UFPFER MAaNKLIM CEEEY

brojec DRBIMNAGCE S TLOY w KBE  ne 1|88

MO KT 0 MO KT S8

Locatlon W/ ORCESTE COUATY, MDD Checked Dace

Clrcle one: Developed Dfdfﬂaae L oo -vqﬁ-/ i )
7

Clrcle one: T, (j:)through subarea == cﬁ

NOTES: Space for as zany as two scgrents per flow type can be used for cach
vorxsheet.
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Worksheet 3: Time of concentration (T.)-or travel time (T

UPFPER MANVKLIN CREEL
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Worksheet 3: Time of concentration (Ty)-or travel time (Ty)
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A o mercial A _Husiness 59 3 207
) . - 92 121 1104
4 " P A2 2350
o - " 725 20| 900
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LSRN 2o 178 20| z940
— | e % 20| 1960
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) -/ *z #+3
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Worksheet 3: Time of concentration ('I‘c)-or travel time (T

UFFER MAMNKLUIN CEEEK

cProject RAINAGE S TLOY By /(55' pace 1} ‘85 »
MO KT 20 AMD KT B89
Locatlon W/ ORCES T oLt Checked Date

Clrcle one: Developed QE&’.UQ?Z ﬁrea #‘3

Circle one: @ T, through subarea

NOTES: Space for as many as cwo segrenls per flov type can be used for each
worksheet.

Include a eap, schenmatic, or description of flou segmeats.

Sheet flew (Applicabdle to Tc only) Segnent ID /4
1. Surface descriptfon (table 3-1) viveevsninns Pave
2. Manalng’s roughness coeff., n (table 3-1) .. ol

3. Flow legth, L (total L < 300 f€) susuerssss  fr | 260

4. Two-yr 24-hr ralnfall, Pi in 3.l

5. Land SLOPE, 5 eveeecrerrenrennersnsacnroness f0/ET |- OO

6. T = 0:007 (a1y°-8
t 0.5 0.6
P s

Compute T, vveans e 08 |T =

2

Shallov concentrated flow Segnment 1D

7. Surface description (paved or unpaved) .....-

8. Flo¥ 1engih, L veverernnvosnasonnsocsorsancs ft

9. Watercourse SLOPe, § sesssssnsrssesserrnness LC/EC

10. Average veloclty, V (figure 3-1) .vvivesees. fC/s

- L 4 =
1. T, 3500V Compute T, «vves. he
Chaanel flow Segment ID 3

12. Cross sectional flow area, 4 ceeavivsveccans fr.z

13. Wetted perfmeter, p

14, Hydrauli'.c tadius, ¢ = 2 Compute r:uveavse ft
v
15, Channel s10pe, $ ceveresncsnrancaccnsncssees £t/ [ OS]

16. Maanlng's roughness coeff., N ceversrvaccess .03
2/3 81/2

18, Flow length, L tveveresseoesossaensccossasns ft 4260

17, v-Ll9c Compute V seuvvss fefs | 2. 7

L -
19, T: - W Conpute T: veceee hr d 43 +

20. Watershed oc subarea ‘l'c ot 'l't (add Tt in steps 6, 11, and 19) .,..... -hr

(210-VI-TR-55, Second Ed..dlmc 1986)




Rrojeck (IRAINAGE STUDY w KBE e V8D

Worksheet 3: Time of concentration (T} or travel time (T¢)
UPFPER MGNKLIN CEEEL

MO KT 0 MDD T 589
Locatton T L], Checked Date

Clecle one: Developed

Circle one: T, @through subarea

Q:Qizfzgg_Lﬁrea -/ si )

NOTES: Space for as many as two segrents per flow type can be used for each

wvorksheet.

Include a cap, schematie, or descripcion of flov segnents.,

(210-VI-TR-55, Second Ed.,dunc 1936)

Sheet flow (Applicadle to T, onaly) Segnent ID

1. Surface description (table 3-1) ...ivvvvnen,

2. Manning’s roughness ‘coeff., n (table 3-1) ..

3. Flow length, L (total L € 300 ft) ....ooenns fr

4. Two-yr 24~hr rainfall, Pé Pecreeseesencnaans in

5. 1land slope, & +..cvvnn NP 3 7 X 1+

6. T, - ———-——0;03?5(:3?2.8 Compute T, +...ue hr 1t )

2

Shallow concentrated flow Segment ID

7. Surface description (paved or unpaved) seesa-

8. Flow length, L veeveesrsarssassrrsssoensonse ft

9. Watercourse Slope, 5 seessssrsccsssnssocrses LC/EL

10,  Avetage velocity, V (figure 3-1) seeeeeevsss ft/s

1. 7, - -RET‘-,- Compute T +evvas hr + =
Channel flow Segment ID | A

12, Cross sectional flow area, a .......'........ fc2

13, Vetted perireter, Py cvotssecnssrsnssecnnses fe

a4, Hydraulic radius, v = ;E. Compute £ evveves fe

15. Channel slope, s U fe/fe O]

16. Hannlog’s roughness coeff., B cevvveenneness | O

17, v -l—'ﬂ%n-—sl/—z- Compute V seevsv. ft/s .0

18. Flov length, L tiiiieeeerncevonncconessscnne fv 2250

19. T, -36;—07 Compute T, .oovo.  hr o3| 1. 62
20, Watershed or subarea T, or T, (add T, in steps 6, ll', and 19) c.u0vsn .hr X

D3



urcoa

(AL ENS encoan

Peoject [FRAIMAGE "5’7’(/1/5/ sy KBE. bate ///E8
MDD, &7 90 &M T 589
Loc.lcl-m LIQRCESTLER _CouMTY. M2 Checked Date
- "
< [\ Deve \
Clecle on eve loned Ur‘alﬁdjqe ﬁf‘éd 4
. E’"S{lﬂ? Cond:/:ﬂﬂg
1, Runoff curve nuadec (CN) (/9@)
Soll name Cover descelption ¥, Acea Product
and = of
hydrologlc (cover type, treatment, aad ob ] - N x area
gcroup hydculogle condicion; N R B @acgcs
pecceat (mpecrvious; ol M1 SI0Oai-
unconnected/connecied lapervious 2l @l el0x
(appendix A) area ratlo) A A I
Ursory CrsTeicT
A o mereial Busirne<s 59
B - . 92
4 " " 74
0 ) At ‘75
—_— /MP&' VIioo HRES ‘
judvs F onFrLcap{ 78 15 ! 4'70
- Pords 28
g |¥eeos 30 3 q0
B 3 55 S z215
< " 70 1z &40
2 ' 77 2o 15 40
. A 4’§i’f%&fé’f’" 2P g 5| 305
B ' A 75 A 1 (SO
c il v . “ 8z - 20| 2490
Ol « " 85 28| 243l
SIOEQITIAL LISTRICTS
A ?54 ﬁ/ch/'e ots bl
5 " 75
l 8 33
o . 87
140 | 11090
_ total product 1OFL 449 72 -
‘ueighcad) orrvarrrranily e : 9 Sy P w7 v
' X w2z | #3
Feequency .vuuvveeeccsnsesassossnssnnces YT 2 0 25
Rllﬂf&ll, 4 (24‘?\00!’) P T Y R R X R R t“ pr 5.0 (p.d
RUI\O(f.Q.,........._,,...,............ ia




Worksheet 3: Time of concentration (Tc)'or travel time (Ty)
UPPER MANKLIN CEEELK

Project PRAIMAGCE S TLOY By I(BE Date

MD RT. 20 ¢ MO 71T 559
Locatton L/OF 7 oL/, Checked Date

Ctlrele one: Developed Drdifzg?e Lrea * &

Circle one: @ T( through subarea

NOTES: Space for as many as two scgments per flov type can be used for ecach
wvorksheet,

Include a cap, schematic, or description of flow segments.

Sheet flew (Applicadle to Tc only) Segnent 1D /4
I+

1. Surface description (table 3-1) ¢ivevesvvnns Cfu,!d

2. Manning’s toughness-coeff., n (radle 3-1) .. o.177

: ]
3. Tlow length, L (total L < 300 £t) sevverss  fo | 30O

4. Two-yr 24-hr rainfall, le veenecresssterenaa in 3.LP

5. Land S10P€, 5 seeersseccconsocssonanassssnas £C/EC 03

0.8 )
. 0.007 (nL) S |t .
6. Tt A Compute T, ...... hr |02 35
P s
2
Shallov concentrated flow Segnent ID 8
7. Surface description (paved or unpaved) seve.- Urppm-ao'
8. Flov length, L vivicesrcronccrosssaccsvencas fr (;CD‘
9. Watercourse S10Pe, 6 sevressssssensscsssanss LE/fC | . OO5
10. Average velocity, V (figure 3=1) sevsseeeses fC/s l. /
S N
1. 1, 3660V Compute T, «ecvee hr -1.5'
Channel flovw Segnent 1D c

12. Cross sectional flow area, 2 .cccevscesssses fr?

13. Wetted perimeter, Py sreceerentesnsannancnns fe
14, Hydraulic radlus, ¢ __P_a' Compute T-eeeeses ft
15. Channel slope, s ......‘.l.................... fe/fe |00l
16. Hanning’s roughaess coeff., T cuiiesconssone .10
17. v -M Compute V seeeves ft/s 1.0

n

18, Flow 1ength, L eueevvenecesceecesnseneeseaes fr | 1 59C

L +
19, Tt - 3_6—06—‘7 Compute T: X hr ’42

.42

20. Watershed oc subarea T, or T: (add 'l'c in steps 6, 11, and 19) ....... hr

(210-VI-TR-55, Second Ed..c}unc 1986)

D3



‘Quir:k TR-55 Version: 3.41 S/N: 87010528 Page 1 of 6

TR-55 TABULAR HYDROGRAPH METHOD
Type IT Distribution
(24 hyr. Duration Storm)

Executed: 11-21-1988 08:52:18
Watershed File --> C:UMCE1l1 .WSD Hydrograph File —--3> C:UMCE1l1 .HYD

Hydrograph for the two year storm given existing conditions in
August 1988

>>>> Input. Parameters Used to Compute Hydrograph <<«<<

Subarea AREA CN Tc * Tt Precip. | Runoff Ia/p
Description (acres) (hrs) (hrs) {(in) : (in) 1nput/used
Drainage Area 1 300.00 80.0 2.00 0.75 3.60 : 1.72 .14 .10
Drainage Area 2 170.00 82.0 2.00 1.00 3.60 : 1.87 .12 .10
Drainage Area 3 190.00 81.0 0.50 0.75 3.60 : 1.79 .13 .10
Drainage Area 4 140.00 79.0 1.00 0.00 3.60 : 1.64 .15 .10

* Travel time from subarea outfall to composite watershed outfall point.
Total area = 800.00 acres or 1.2500 sq.mi
Peak discharge = 381 c¢fs

>>>> Computer Modifications of Input Parameters (<K<K

Input Values Rounded Values Ia/p
Subarea Tc * Tt Tc * Tt Interpolated la/p
Description (hr) (hr) (hr) (hr) {(Yes/No) Messages
Drainage Area 1 2.00 0.63 2.00 0.75 No —
Drainage Area 2 2.00 0.95 2.00 1.00 No ———
Drainage Area 3 0.51 0.63 0.50 0.75 No —
Drainage Area 4 0.92 0.00 1.00 0.00 No -

* Travel time from subarea outfall to composite watershed outfall point.



‘luick TR-55 Version: 3.41 S/N: 87010528 Page 2 of 6

TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 08:52:18
Watershed File --> C:UMCE1ll .WSD Hydrograph File —-> C:UMCE1l1l

Hydrograph for the two vear storm given existing conditions in
August 1988

>>>> Summary of Subarea Times to Peak <<<KK

Time to Peak at
Peak Discharge Composite OQutfall

Subarea (cfs) (hrs)
Drainage Area 1 163 14.0
Drainage Area 2 100 14.3
Drainage Area 3 199 13.2
Drainage Area 4 128 12.8

Composite Watershed 381 13.2



.Quick TR-55 Version: 3.41 S/N: 87010528 Page 3 of 6
TR-55 TABULAR HYDROGRAPH METHOD
Type I1 Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 08:52:18
Watershed File —--> C:UMCE11 .WSD Hydrograph File ——> C:UMCE11 .HYD

Hydrograph for the two year storm given existing conditions in
August 1988

Composite Hydrograph Summary (cfs)

Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 3 5 6 7 8 9 10 10 12
Drainage Area 2 1 2 3 3 4 4 4 5 5
Drainage Area 3 5 6 7 10 11 13 14 16 20
Drainage Area 4 4 5 7 10 13 17 26 40 60
Total (cfs) 13 18 2 30 36 43 54 71 97
Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 15 18 22 28 47 73 104 132 154
Drainage Area 2 6 7 8 9 i4 23 37 55 73
Drainage Area 3 26 39 63 97 170 199 174 130 90
Drainage Area 4 83 104 118 128 112 86 63 48 37
Total (cfs) 130 168 211 262 343 381 378 365 354



.Quick TR-55 Version: 3.41 S/N: 87010528

TR-55 TABULAR HYDROGRAPH METHOD

Page 4 of 6

Type II Distribution
(24 hr. Duration Storm)
Executed: 11-21-1988 08:52:18
Watershed File --> C:UMCE11 .WSD Hydrograph File —> C:UMCEl11 .HYD
Hydrograph for the two year storm given existing conditions in
August 1988
Composite Hydrograph Summary (cfs)
Subarea 14.0 14.3 14.6 15.0 15.5 16.0 16.5 17.0 17.5
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 163 156 135 101 70 51 39 31 26
Drainage Area 2 88 100 96 77 54 38 28 21 17
Prainage Area 3 62 40 30 23 19 16 15 13 12
Drainage Area 4 30 23 18 14 12 10 9 8 8
Total (cfs) 343 319 279 215 155 115 91 73 63
Subarea 18.0 19.0 20.0 22.0 26.0
Description hr hr hr hr hr
Drainage Area 1 22 18 15 11 5
Drainage Area 2 15 11 9 7 4
Drainage Area 3 11 10 9 6 1
Drainage Area 4 7 6 5 4 0]
Total (cfs) 55 45 38 28 10



Quick TR-55 Version:

3.41 S/N: 87010528

TR-55 TABULAR HYDROGRAPH METHOD

Executed:
Watershed File --> C:UMCE11 .WSD

Type 11 Distribution

(24 hr. Duration Storm)

11-21-1988 08:52:18
Hydrograph File ——> C:UMCE11 .HYD

Page 5 of 6

Hydrograph for the two yvyear storm given existing conditions in

Time

11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
12.
12.
12.
12.
12.
12.
12.
12.
12.
12.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
@ 14
14,
14.
14,
14.
14.
14.

(hrs)

August 1988

Flow
(cfs)

10D WNPFPOOUONOAULWNPOVONOUDLMWNFPL,OOVIINAALWN-O

13
15
16
18
20
21
23

28

30

36

43

54

71

97
130
168
211
262
303
343
362
381
380
378
372
365
360
354
349
343
335
327
319
306
292
279

18.

Time Flow
(hrs) (cfs)
14.8 247
14.9 231
15.0 215
15.1 203
15.2 191
15.3 179
15.4 167
15.5 155
15.6 147
15.7 139
15.8 131
15.9 123
16.0 115
16.1 110
16.2 105
16.3 101
16 .4 96
16.5 91
16.6 87
16.7 84
16.8 80
16.9 77
17.0 73
17.1 71
17.2 69
17.3 67
17.4 65
17.5 63
17.6 61
17.7 60
17.8 58
17.9 57
18.0 55
18.1 54
18.2 53
18.3 52
4

51



@ uick TR-55 Version: 3.41 S/N; 87010528

Page 6 of 6
TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)
Executed: 11-21-1988 08:52:18
Watershed File ~—-> C:UMCE1ll .WSD Hydrograph File ~--> C:UMCE11l .HYD

Hydrograph for the two vear storm given existing conditions in

August 1988

22.

27

Time Flow
(hrs) (cfs)
18.6 49
18.7 48
18.8 47
18.9 46
19.0 45
19.1 44
19.2 44
19.3 43
19.4 42
19.5 42
19.6 a1
19.7 40
19.8 39
19.9 39
20.0 38
20.1 38
20.2 37
20.3 37
20.4 36
20.5 36
20.6 35
20.7 35
20.8 34
20.9 34
21.0 33
21.1 33
21.2 32
21.3 32
21.4 31
21.5 31
21.6 30
21.7 30
‘.’ 21.8 29
21.9 29
22.0 28
22.1 28
22.2 27
3

Time Flow
(hrs) (cfs)
22.4 26
22.5 26
22.6 25
22.7 25
22.8 24
22.9 24
23.0 24
23.1 23
23.2 23
23.3 22
23.4 22
23.5 21
23.6 21 .
23.7 20
23.8 20
23.9 19
24.0 19
24.1 19
24.2 18
24.3 i8
24 .4 17
24.5 17
24 .6 16
24.7 16
24.8 15
24.9 15
25.0 15
25.1 14
25.2 14
25.3 13
25.4 13
25.5 12
25.6 12
25.7 11
25.8 11
25.9 10




.L\ick TR-55 Version: 3.41 5/N: 87010528

TR-55 TABULAR HYDROGRAPH METHOD

Page 1 of 6

Type I1 Distribution
{24 hr. Duration Storm)
Executed: 11-21-1988 09:02:20
Watershed File --> C:UMCE12 .WsSD Hydrograph File —> C:UMCEl1l2 .HYD
Hydrograph for the ten year storm given existing conditions in
August 1988
>>>> Input’ Parameters Used to Compute Hydrograph <<<<
Subarea AREA CN Tc * Tt Precip. I Runoff la/p

Description (acres) (hrs) (hrs) (in) . (in) input/used
- Drainage Area 1 300.00 80.0 2.00 0.75 5.60 H 3.42 .09 .10

Drainage Area 2 170.00 82.0 2.00 1.00 5.60 : 3.62 .08 .10

Drainage Area 3 190.00 81.0 0.50 0.75 5.60 , 3.52 .08 .10

Drainage Area 4 140.00 79.0 1.00 0.00 5.60 ] 3.32 .09 .10

* Travel time from subarea outfall to composite watershed outfall point.

Total area = 800.00 acres or 1.2500 sqg.mi
Peak discharge = 755 cfs
>>>> Computer Modifications of Input Parameters <<K<KK
Input Values Rounded Values Ia/p
Subarea Te * Tt Te * Tt Interpolated la/p

Description (hr) (hr) (hr) (hr) (Yes/No) Messages
Drainage Area 1 2.00 0.63 . 2.00 0.75 No Computed Ila/p < .1
Drainage Area 2 2.00 0.95 2.00 1.00 No Computed la/p < .1
Drainage Area 3 0.51 0.63 0.50 0.75 No Computed Ia/p < .1
Drainage Area 4 0.92 0.00 1.00 0.00 No Computed Ia/p < .1

* Travel time from subarea outfall

to composite watershed outfall point.



Quick TR-55 Version: 3.41 S/N: 87010528 Page 2 of 6

- TR-55 TABULAR HYDROGRAPH METHOD
Type Il Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:02:20
Watershed File --> C:UMCE12 .WSD Hydrograph File --> C:UMCE1l2

Hydrograph for the ten yvear storm given existing conditions in
August 1988

>>>> Summary of Subarea Times to Peak <<<<

Time to Peak at
Peak Discharge Composite Qutfall

Subarea (cfs) (hrs)
Drainage Area 1 324 14.0
Drainage Area 2 193 14.3
Drainage Area 3 391 13.2
Drainage Area 4 259 12.8

Composite Watershed 755 13.2




Quick TR-55 Version: 3.41 S/N: 87010528 Page 3 of 6

TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:02:20
Watershed File ——> C:UMCE12 .WSD Hydrograph File ——> C:UMCE12 .HYD

Hydrograph for the ten vear storm given existing conditions in
August 1988

Composite Hydrograph Summary (cfs)

Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 6 i0 11 14 16 . 18 19 21 24
Drainage Area 2 3 4 6 7 8 8 9 10 11
Drainage Area 3 9 11 15 20 22 25 28 32 39
Drainage Area 4 8 11 15 21 25 34 52 81 122
Total (cfs) 26 36 47 62 71 85 108 144 196

Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 29 35 43 56 93 146 207 263 306
Drainage Area 2 12 13 15 17 27 44 71 106 141
Drainage Area 3 51 77 123 190 333 391 343 255 177
Drainage Area 4 168 210 239 259 227 174 127 97 75
Total (cfs) 260 335 420 522 680 755 748 721 699



Quick TR-55 Version: 3.41 S/N: 87010528 Page 4 of 6

. . TR-55 TABULAR HYDROGRAPH METHOD
Type I1 Distribution
({24 hr. Duration Storm)

Executed: 11-21~-1988 09:02:20

Watershed File —--> C:UMCE12 .WSD Hydrograprh File ——> C:UMCE12 .HYD
Hydrograph for the ten year storm given existing conditions in
August 1988
Composite Hydrograph Summary (cfs)
Subarea 14.0 14.3 14.6 15.0 15.5 16.0 16.5 17.0 17.5
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 324 311 268 200 139 101 77 61 51
Drainage Area 2 171 193 186 150 104 73 54 41 34
Drainage Area 3 122 79 59 45 37 32 29 26 23
Drainage Area 4 60 46 36 29 24 21 19 17 15
Total (cfs) 677 629 549 424 304 227 179 145 123
Subarea 18.0 19.0 20.0 22.0 26.0
Description hr hr hr hr hr
Drainage Area 1 43 35 29 22 10
Drainage Area 2 29 22 18 13 8
Drainage Area 3 22 19 17 13 1
Drainage Area 4 15 12 11 9 0
Total (cfs) 109 88 75 57 19



.Quick TR-55 Version: 3.41 S/N: 87010528

Watershed File --> C:UMCE12

TR-55 TABULAR HYDROGRAPH METHOD

Type
(24 hr

Executed:

.WSD

I Distribution

. Duration Storm)

11-21-1988

09:02:20
Hydrograph File ——> C:UMCE12 .HYD

Page 9 of 6

Hydrograph for the ten vear storm given existing conditions in

\lO\U\-bL»)N;—‘Okom\]@(ﬂ.bb)l\)l—‘okom\]ONUIJSL;)NHO'OCO\'IO\UI-I)(.\JMI—‘O

August 1988

Time Flow
(hrs) (cfs)
14.8 486
14.9 455
15.0 424
15.1 400
15.2 376
15.3 352
15.4 328
15.5 304
15.6 289
15.7 273
15.8 258
15.9 242
16.0 227
16.1 217
16.2 208
16.3 198
16.4 189
16.5 179
16.6 172
16.7 165
16.8 159
16.9 152
17.0 145
17.1 141
17.2 136
17.3 132
17.4 127
17.5 123
17.6 120
17.7 117
17.8 115
17.9 112
18.0 109
18.1 107
18.2 105
18.3 103
18.4 101
18.5 99



Quick TR-55 Version:

3.41 S/N: 8

TR-55 TABULAR HYDROGRAPH METHOD

Type
(24 hr

Executed:

Watershed File -——> C:UMCE12 .W

7010528

II Distribution

Page 6 of 6

. Duration Storm)
11-21-1988 09:02:20
SD Hydrograph File —> C:UMCE1l2 .HYD

Hydrograph for the ten year storm given existing conditions in

August 1988

22.

54

Time ° Flow
(hrs) . (cfs)
18.6 96
18.7 Q4
18.8 92
18.9 90
19.0 88
16.1 87
19.2 85
19.3 84
19.4 83
19.5 82
19.6 80
19.7 79
19.8 78
19.9 76
20.0 75
20.1 74
20.2 73
20.3 72
20.4 71
20.5 71
20.6 70
20.7 69
20.8 68
20.9 67
21.0 66
21.1 65
21.2 64
21.3 63
21.4 62
21.5 62
21.6 61
21.7 60
21.8 59
‘l' 21.9 58
22.0 57
22.1 56
22.2 55
3

Time Flow
(hrs) (cts)
22.4 53
22.5 52
22.6 51
22.7 50
22.8 49
22.9 48
23.0 48
23.1 47
23.2 46
23.3 45
23.4 44
23.5 43
23.6 42
23.7 41
23.8 40
23.9 39
24.0 38
24.1 37
24.2 36
24.3 35
24.4 34
24.5 33
24.6 32
24.7 31
24.8 30
24.9 29
25.0 29
25.1 28
25.2 27
25.3 26
25.4 25
25.5 24
25.6 23
25.7 22
25.8 21
25.9 20



‘uick TR-55 Version: 3.41 S/N: 87010528 Page 1 of 6

TR-55 TABULAR HYDROGRAPH METHOD
Type I1 Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:03:34
Watershed File --> C:UMCE13 .WSD Hydrograph File --> C:UMCE13 .HYD

Hydrograph for the twenty-five year storm given existing con-
ditions for August 1988B.

>>>> Input’ Parameters Used to Compute Hydrograph <<<<

Subarea AREA CN Tc * Tt Precip. : Runoff Ia/p
Description (acres) (hrs) (hrs) (in) ; (in) input/used
" Drainage Area 1 300.00 80.0 2.00 0.75 6.40 ' 4.14 .08 .10
Drainage Area 2 170.00 82.0 2.00 1.00 6.40 : 4.36 .07 .10
Drainage Area 3 190.00 81.0 0.50 0.75 6.40 : 4.25 .07 .10
Drainage Area 4 140.00 79.0 1.00 0.00 6.40 1 4.04 .08 .10

* Travel time from subarea outfall to composite watershed outfall point.
Total area = 800.00 acres or 1.2500 sqg.mi
Peak discharge = 913 cfs

>>>> Computer Modifications of Input Parameters <{<<<KK<

Input Values Rounded Values la/p
Subarea Tc * Tt Tc * Tt Interpolated Ia/p
Description (hr) (hr) (hr) (hr) (Yes/No) Messages
Drainage Area 1 2.00 0.63 2.00 0.75 No Computed Ia/p < .1
Drainage Area 2 2.00 0.95 2.00 1.00 No Computed Ia/p < 1
Drainage Area 3 0.51 0.63 0.50 0.75 No Computed Ia/p < .1
Drainage Area 4 (.92 0.00 1.00 0.00 No Computed la/p < .1

* Travel time from subarea outfall toc composite watershed outfall point.



Quick TR-55 Version: 3.41 S8/N: 87010528 Page 2 of 6
. TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:03:34
Watershed File ~--> C:UMCE13 .WSD Hydrograph File —--> C:UMCE13 .HYD

Hydrograph for the twenty-five year storm given existing con-
ditions for August 1988.

>>>> Summary of Subarea Times to Peak <<<K<

Time to Peak at
Peak Discharge Composite Outfall

Subarea (cfs) (hrs)
Drainage Area 1 392 14.0
Drainage Area 2 233 14.3
Drainage Area 3 472 13.2
Drainage Area 4 315 12.8

Composite Watershed g13 13.2



Quick TR-55 Version:

3.41 S/N: 87010528

TR-55 TABULAR HYDROGRAPH METHOD

Page 3 of 6

Type 1I Distribution
(24 hr. Duration Storm)
Executed: 11-21-1988 09:03:34
Watershed File --> C:UMCE13 .WSD Hydrograph File --> C:UMCE1F¥ .HYD
Hydrograph for the twenty-—-five yvyear storm given existing con-—
ditions for August 1988.
Composite Hydrograph Summary (cfs)
Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4
Description hr hr hr hr hr hr hr hr hr
‘Drainage Area 1 8 12 14 17 19 21 23 25 29
Drainage Area 2 3 5 7 8 9 S 10 12 13
Drainage Area 3 11 14 18 24 26 30 34 39 47
Drainage Area 4 10 13 18 26 31 42 64 99 148
Total (cfs) 32 44 57 75 85 102 131 175 237
Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 35 43 52 68 113 177 250 318 371
Drainage Area 2 14 16 19 21 32 53 86 127 170
Drainage Area 3 62 93 149 230 402 472 414 308 213
Drainage Area 4 204 255 291 315 277 211 155 118 91
Total (cfs) 315 407 511 634 824 913 905 871 845



Quick TR-55 Version: 3.41 S/N: 87010528 Page 4 of 6

' TR-55 TABULAR HYDROGRAPH METHOD
Type I1 Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:03:34

Watershed File -—-> C:UMCE1l3 .WSD Hydrograph File --> C:UMCE13Z .HYD
Hydrograph for the twenty-five year storm given existing con-—
ditions for August 1988.
Composite Hydrograph Summary (cfs)
Subarea 14.0 14.3 14.6 15.0 15.5 16.0 16.5 17.0 17.5
Description hr hr hr hr hr hr hr hr hr

Drainage Area 1 392 376 324 243 169 122 93 74 62
Drainage Area 2 206 233 224 181 125 88 65 50 41
Drainage Area 3 148 96 71 54 44 39 35 32 28
Drainage Area 4 73 56 a4 35 29 26 23 20 i%
Total (cfs) 819 761 663 513 367 275 216 176 150
Subarea 18.0 19.0 20.0 22.0 26.0
Description hr hr hr hr hr
Drainage Area 1 52 43 35 27 12
Drainage Area 2 35 27 22 16 S
Drainage Area 3 26 23 20 15 1
Drainage Area 4 18 15 13 11 0
Total (cfs) 131 108 90 69 22



.Quick TR-55 Version: 3.41 S/N: 87010528

TR-55 TABULAR HYDROGRAPH METHOD

Type 11
(24 nr.

Executed: 11-21-1988 09:03:34

Watershed File —--> C:UMCE13 .WSD

Distribution
Duration Storm)

Page 5 of 6

Hydrograph File —-~> C:UMCE1¥ .HYD

Hydrograph for the twenty—-five year storm given existing con-
ditions for August 1988.

Time Flow
{(hrs) (cfs)
11.0 32
11.1 36
11.2 40
11.3 44
11.4 48
11.5 53
11.6 57
11.7 63
11.8 69
11.9 75
12.0 85
12.1 102
12.2 131
12.3 175
12.4 237
12.5 315
12.6 407
12.7 511
12.8 634
12.9 729
13.0 824
13.1 869
13.2 913
13.3 909
13.4 905
13.5 888
13.6 871
13.7 858
13.8 845
13.9 832
14.0 819
‘ 14.1 800
14.2 780
14.3 761
14.4 728
14.5 696
14.6 663
14.7 625

Time Flow
(hrs) (cfs)
14.8 588
14.9 550
15.0 513
15.1 484
15.2 455
15.3 425
15.4 396
15.5 367
15.6 349
15.7 330
15.8 312
15.9 293
16.0 275
16.1 263
16.2 251
16.3 240
i6.4 228
16.5 216
16.6 208
16.7 200
16.8 192
16.9 184
17.0 176
17.1 171
17.2 166
17.3 160
17 .4 155
17.5 150
17.6 146
17.7 142
17.8 139
17.9 135
18.0 131
18.1 129
18.2 126
18.3 124
18.4 122
18.5 120



Quick TR-55 Version:

3.41 S/N: 870

TR-55 TABULAR HYDROGRAPH METHOD

Type 11
(24 hr.

Executed: 1

Watershed File --> C:UMCE13 .WSD

10528

Distribution
Duration Storm)

1-21-1988 09:03:34

Page 6 of 6

Hydrograph File -—-> C:UMCE1Z .HYD

Hydrograph for the twenty-five year storm given existing con-
ditions for August 1988.

22.

Time ° Flow
(hrs) (cfs)
18.6 117
18.7 115
18.8 113
18.9 110
19.0 108
19.1 106
19.2 104
19.3 103
19.4 101
16.5 9%
19.6 97
19.7 95 -
19.8 94
19.6 92
20.0 90
20.1 89
20.2 88
20.3 87
20.4 86
20.5 85
20.6 84
20.7 83
20.8 82
20.9 81
21.0 80
21.1 78
21.2 77
21.3 76
21.4 75
21.5 74
21.6 73
21.7 72
21.8 71

‘.’ 21.9 70
22.0 69
22.1 68
22.2 67

3

65

Time Flow
(hrs) (cfs)
22 .4 64
22.5 63
22.6 62
22.7 61
22.8 60
22.9 58
23.0 57
23.1 56
23.2 55
23.3 54
23.4 53
23.5 51
23.6 50
23.7 49
23.8 48
23.9 47
24.0 46
24.1 44
24 .2 43
24.3 42
24 .4 41
24.5 40
24.6 38
24.7 37
24.8 36
24.9 35
25.0 34
25.1 33
25.2 31
25.3 30
25.4 29
25.5 28
25.6 27
25.7 26
25.8 24
25.9

23
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TUPPEE  MAVKLIN CREEX
Peoject DRANAGE  STURY % KBE  oace 1es

MO, KT 0 &M BT BEY _
Loculm LIOKCESTCER CC’U.U_TK._J_[D Checky l Date

Clrele one: ?rkn.\\ Uf‘d""‘qe,_ﬁfdrﬂ?d £ /
. FZ//qre (Your 2000)

AT

Runoff curve auaber (CN)

Soll mane Cover descclpiton v/ Acea Product
and cy — of
hydcologle (cover type, treatzent, and X CN x area
group hydrologtc condlzion: ~ T @acus
petcent Lmpecvious: ol ™1 “10Oni?
urconnectad/connecied impecvious Bl o] O
(appendix A) acea raclo) el o] &
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A omr e reinl 4 Hosiness g9
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Worksheet 3: Time of concentration (T.)-or travel time (T

UFPFER MAMKLIN CREELK
- Project KA INAGE STV By I(BE Dace \\!%

MO KT A0 MO KT B89
Location 7 (>l ¥} Checked Date
Clrcle one: Present Z?Czigggg é’cga = /

Circle one: @ T: through subarea
NOTES: Space for as many as two segrents per flow type can be used for each
vorksheet.,

Include a wap, schematic, or description of flow segments.

(210-VI-TR-55, Second Ed..dunc 19386)

Sheet flow (Applicadle to T. only) Segnent ID /\A\

1. Surface description (table 3-1) ....vvuenns g:?‘ n

2. Manning’s roughness ;:oeff., n (rable 3-1) .. O

3. Flow 1e5gm,. L (total L € 300 ft) ...o.eees £ 300’

4. Two-yr 24~hr rainfall, Pz' ceecsreassasneonas in |D. Lo

5. Land S1OPE, § ceuvvevsrnnneansasnasasnsssess £C/fT | . OOS

6. T, = —————0;03?5(23?2.8 Compute T, ,4veve  hT | o |* " %8

2

Shallov concentrated flov Segnent bi)

7. Surface descriptica (paved or unpaved) ..... .

8. Tlow length, L teveneareencersonrnesssncerne fc

9. Wacercourse 510pe, 5 ceessessevsssasensvenss £C/EC

10. Average velocity, V (figure 3-1) siveeeceees ftfs

11. T, - ?6-%6_‘1- Conpute Tt ceseas he + =
Channel flou | Segment ID %

12, Cross sectional flow area, a ................ fc2

13. Werted perinmeter, Py seeerrsectrescnsicnnees ft

14, Hydraulic radlus, t = P—a- Compute r-evvacen fe

15. Channel slope, s ......‘.’.................... fe/fe | w00l

16. Hanning’s roughness coeff., N .oveeenvsesess )

17, v« u?_r;f_al_/i Compute V +oevvn. ft/s 1. &

18, Flou length, L tevivvnenereeeeeeannconcsonans tr | 1 BOO

19, ’l't - Tscl)-o_v Compute 'l'c cecans ‘hr 0.5 |+ 1 0.5
20. Watershed oc subarea T, or T, {add T, In steps 6, ll., and 19) ....... .hr 0.58

. D3 -



Worksheet 3: Time of concentration (Tc)'or travel time (T

UFPFER MAMKLIN CREEXK /
Project (FRANMNAGE STLOY b KBE  vae 11/A8

MDD T Q0 Mo KT 289
Locacton T (2] ¥4 Checked Date
Clccle one: Present Drairnaoe Zrea = I
7
v 4

Circle one: T, through subarea

NOTES: Space for as many as two scgments per flow type can be used for each
worksheet.

Include a cap, schematic, or description of flov segments.

Sheet flow (Appllcable to T, only) Segnent ID

1. Surface description (table 3-1) ciivverenans

2. Manning’s roughness coeff., n (table 3-1) ..

3. Flow length, L (total L £ 300 fr) ..ocovvnes 34

4. Two-yr 24-hr rainfall, Pi tiesesesereceaennn in

5. Land s10pe, 5 tivrvesercacnssnarascsessssess £C/EC

0.8 .
. 0.007 (al) + -
6. Tt ———673——672—— Compu[e Tt vevase hr
P s
2
Shallow concentrated flow Segment ID
7. Surface description (paved or umpaved) .....
8. Flov leng[h, L oteetentsosnssacacsonossananese ft
9. Watercourse s10pe, B c.ceesseasseessressness LU/EC
10. Average velocity, V (figure 3-1) teieiiineees fr/s
- L + -
11. T, 3500V Compute T, sesees hr
Channel flow Segment ID A

12, Cross sectional flow ATCA, @ evreaversrsveny ftz

13. Wetted perimeter, Py erecerraccrassassnnsens fr |

16. Hydraulic radius, t -f- Conmpute T seeesss ft
v
15. Channel sS1ope, S eevescerrsncsssessscronssss £0/fC |0 OO)

16. Hannlng’s roughness coeff., N severenosennns LAO
2/3 s1/2

n

17, v LYc Compute V «oecv.. ftfs 1. O

18, Flow length, L vevreroreneecsnssnoonsncnsns fc |225°

L + -
19. T, 3600V Compute T, ...... hr 3

(23

20. Watershed or subarea Tc or ‘l'l (add ‘l‘L {n steps 6, 11, and 19) «vveess Nr

.

(210-VI-TR-55, Second Ed..dunc 1986)

(o3
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Fz//qre (Vourr E&CDO>

1 Runoff curve acadec (C.‘.').
Soll nane Covee descelpiion U Aces Produce
and N —~ of
hydeologte {cover type, treatment, and ol €N x acea
graup hydtologle condlzion; S B @acn.s
petcent {nmpervious; o] S DmL
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Worksheet 3: Time of concentration (T()-or travel time (T)

UPFPER MGKLIN CREEEK
Projecs IREINACE ST LOY by KBE e 1188

MO RT 0 g MDD RT 2589
Locatlion T (@) ¥} Checked Date
Clccle one: Present &ﬂ_gg?g ﬁrea #'Z,

Circle one:@ T, through subarea

NOTES: Space for as many as two segnents per flow type can be used for each
worksheet. i

Include a cap, schematic, or deseripcion of flow segments.

Shest flow (Applicadle to T, oaly) Segnent ID /4
1, Surface descr{ption (table 3-1) .......0vuun UOwAs
2. Manning’s roughness coeff., n (table 3-1) .. 0,40

3. Flov length, L (total L € 300 £€) .evuuernn.  fr | DOO

4, Two-yr 24-hr ralnfall, PZ' Ceeasesenaenaians in 3.0

S. Land SLOPE, § seeerrerencncronerennecanceees fL/EE | . OOD

0.8 .
. 0.007 (nL) : + -1\,
6. T, 5o Compute T  ...... hr l 4' \ 4',
4 s
2
Shallov concentrated flow Segment ID B
7. Surface description (paved or unpaved) .....: U"P*«l

8. Flow 1eAZEh, L veveersersssoncerronsasereese ft | 200

9. Wacercourse SLope, 6 eeesssessssssssessseess fL/EC |+ OOF

10. Average velocity, ¥V (figure 3-1) cevervveee. f£t/s \ \

11, T, -33%1‘ Conpute T[ resens he [oO5 |* .09
Channel flow - Segment ID C)/

12, Cross sectional flow area, a ................ £e?

13. Wetted perinmater, Py svreresneensosacoosanas ft

14, Hydraul;.c vadius, © _;_a_ Conpute T .cuenns fe

15. Channel slope, s w fe/fe 00!

16. Mannlng’s roughness coeff., T ceesvvevesenss . 030

17. v _L_l.g_r:_”_s”_z Compute ¥ «..u... ft/s \ '4‘4

18. Flow length, L .iveevessnceaoscoccrsnsasanna fe 13S0

19, T - -36%‘; Compute T, oee.n. 'hr .20+ il P A &
20, Wacershed oc gubarea Tc or 'i't (add 'rt in steps 6, ll‘, and 19) ceevnee .hr \17‘

.

{210-V1-TR.55, Second Ed-.c}unc 1986)
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Worksheet 3: Time of concentration CPC)'or travel time (T

UFPFER MANKLIN CKEEK
- Project UK/?/U,JGE STDY

by KBE

MO T 210 { MO T B89 ,
Locactlon I (o] ¥ Checked
l;aze;cazgua Hrea F 2

Clrcle one: Present Developed

Dace ,(&5

Date

14
Circle one: T, @hrough subareca 3 d 4

NOTES: Space for as many as tvo scgrents per flov type can be used for ecach

worksheel.

Include a cap, schematlic, or description of flou segments.

Sheet flow (Applicabdle to Tc only) Segnent 1D
1, Surface description (table 3-1) covvvnnnnens
2, Manning'’s roughness.coeff., n (tahle 3-1) ..
3. Flow length, L (total L € 300 ft) «viconsnns fe
4, Two-yr 24-hr rainfall, Pé T TR in

5, Land s1ope, S cosvesvsrsavcrnnnasssrsnensess £C/EC

6. 1 o 0.007 (a)%®
B 0.5 0.4
PZ s

Shallow concentrated flov

Compute T: serene hr

Segment 1D
7. Surface description (paved or unpaved) .....:

8. Flow 1ength, L veseversecncnnsorrnosennrones ft

9. Watercourse s1ope, & ..eeeveecanensscsocnesas fL/EC

10. Average velocity, V (figure 3-1) .evveeeve.. ft/fs

L
1. 1, - 500V Compute T, «veeas hr
Chanael flow Segnent ID

12, Cross sectional flow area, 2 eceesveeccssones ft2

13, Wetted pEtimetet, pU sesssssssersneetreotton ft
14, Hydraulic radlus, © = ;i Conpute T:ssonsas ft
v

15. Channel slope, S ceveesscecansarsoneeonssnss fE/fC

16. Haaning’s roughness coeff., T sessoressaseas

2/3 1/2 ‘
“
170 v~ 1.49 tl\ 8 Compute v vessse ft/ﬂ
1B, Flow length, L eeevressnseesuosnnnrensessees  fE
L
19. T: - mo—v- Compuce TC seceve he

20. Watershed oc subarea Tc or Tt (add '1't in steps 6, 11, and 19) ....... 'hr

ool

ool

1o

o3

|- O

2.7

2250

3100

(23

+

.32

a5

(210-VI-TR-55, Second Ed"d\mc 1986)
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“Project [IRAINAGE S TLOY

Worksheet 3: Time of concentration (Tc)'o" travel time (T

UFPFER MANKLIN CEEEK
By KBE‘

MO KT 0 MO T 589
Locatlon W/ OK LT LS. Checked

Clrcle one:  Present Developed

Circle one:(ij) T[ through subarcea

NOTES:

Shest flow (Applicadle to T, only)

nace | [ 88

Date

QCﬁag_Szzﬁ_r—ea#a

vorxshect.

Include a cap, schematlc, or descripcion of flov segments.

.

Space for as many as two scgrents per flov type can be used for each

Segnent ID A

Impave isns
1. Surface description (table 3-1) .......cv0ns
2. Manning’s roughness coeff., n (table 3-1) .. .Ol'
3. Flow length, L (total L € 300 £€) weeveennne  £e | B3O
4. Tuo-yr 2i-hr crainfall, PZ. Ceetiereesenaas in 3.
5. Land s10Pe, 5 svverrsrrnnrsssnerssarsnianess ftffC |, OO85
0.8 .
6. T = 0:007 (al) " Conpute T, vvveee  hr [oO8 |7 “|-&8
t 0.5 0.4 T
P s
2
Shallov concentraced flow Segment ID
7. Sutface description (paved or unpaved) sieaa-
8. Flowlength, L .i.iivvnrvneenn. ceessanns ceen fe
9. Wacercourse SYOpe, B ererseesecsrecnrersavess EC/EC
10. Average velocity, V (figure 3=1) .......ec.. fe/s
L -+ -
1. 1, 3600 7 Conpute T, «c..ns hr

Channel flow

12,
13.
14,
15.
16.
17,
18.
19.

20.

Segment 0 B

Cross sectional flow atea, 8 ervevsrvsennnns fe?

Wetted perimeter, P, srrescsencssatosveniacs fe

Hydraulic radfus, ¢ _p_a_ Compute T:eeevene fe

v

Channel S10Pe, S evevrevsecsecsrsrsesncnssss £8/fC |- OO |

Hannlng’s roughness coeff., N ceivecnsccness o>

/3 a1/2

n

v_l.l-‘lr

Compute V «esvvss ft/s 2.1

Flov length, L tivirreacrencuononessanenvnns fe 3C’OOI

L
Te = Je00 v

Conpute Tt tevaea he |- 40

+

(210-VI-TR.55, Second Ed-.(}une 1986)

Watecrshed oc¢ subarea Tc ot T: (add Tr. in steps 6, 11, and 19) ....... k¢

.48

D3



CProject PRAZINAGE S TLOY

Locatlon W/ORCES T (¥} Checked
Clrcle one:  Present Developed /
Clrcle one: T, @through sudbarea #

NOTES: Space for as many as two segrents per flov type can be used for each

Worksheel 3: Time of concentration CPC)'or travel time (T))

UFFER MAgKLIN CREEK

MO T 0 MO KT B89

sy K BE

Dace N ﬁ

Date

E a

vorksheet.

Include 3 cap, schemazic, or descripcion of flov segments.

*

(210-VI.TR-85, Second Ed.,d,unc 1936)

Shest flow (Applleadle to T, only) Segnent ID
1, Surface description (table 3-1) ...vveuvinnn
2, Manning’s roughness coeff., n (table 3-1) ..
3. Flow length, L (total L < 300 ft) sesuvvnrss fec
4, Two-yr 24-hr rainfall, Pz' P in
5. land slope, S cvvevennns A 1 74 3 4
&, Tt - -O—P-ggls-(—:giz—i Conmpute Tt vesans hr 1+
2
Shallow conceatcated flov Segment ID
7. Surface description (paved or unpaved) .....- .
8. Flow length, L tivieviessosessavennnnssnosne ft
9. Watercourse S10Pe, B sevvessvassncarsrensnss LE/EC
10. Average velocity, V (figure 3-1) «.iiveeeees ftfs
1. 1, - 3—6160—7 Compute T, +e.... he +
Channel flov Segment ID
12. Cress sectional flou area, a ................ ftz
13. VWetted perimeter, Py sreesscecestonnasracacs fe
14, Hy&raul!’.c radfus, ¢ --P—a Compute T-..vc.ee fe
15. Channel slope, s ......‘.’.................... fe/tc | 00!
16. Hanning’s roughaess coeff., N covuvececcnans e
17, v - 199 r:/J !/ Compute V¥ «oevvv. ft/s O
18, Flov length, L covevrrncesioannrsorscncnnnas (e | 2250
19. T - -J—gé‘o—q Compute T, ..ue.. .hl' 03 |t O (23
20. Vatecshed oc subacea T, or 'l'c (add T‘ in steps 6, ll., and 19) ....a.. .hr .‘U3

D3



—UPFES

Sy
Peoject DIRAINAGE __ STUZY v NBE.
MO, /T 90 ¢ MO RT 569
Luc Ao JIN R E R LER (o TCY 1,_[0 Cheeled
Clecle one: S‘rcsc:\: Ul‘d""jﬁ /dma

®
L

Runoff curve mundec (CH)

MU CREEL

Dace

Date \\ 158
« 4

FZ/(lur-e (Vear ZOCDO>

Soll name Cover descetpilon 1/ Acea Product
aad cy — of
hydcologle (cover type, treatment, and N I CN x araa
gcoup hydrologle condition; NI ] @acus
peccent {nmpecvious; ol & C]mL
unconnected/connected impervious 21 ol |O%
(appendix 4A) acea cactio) ;f : N
Urgar CirsrRicT
A Cfm arercial £ Business 8? Z I 18
5 : . 92 Z |84
c " 4 z 188
ad . 7?9 Z 120
— VNEERVOLP mitiee 128 16l 1764
—— Ponds 28
B " 55 4| zzo
4 ; 70 10 100
% N 77 11 1309
|
- A "Cé"’ ! C”‘ffé‘f’” =S o 4 25
. 5 if Al 75 /8 j%ﬁ
/4 i 3 " 82 Z5\| 7osO
oli « “ 85 z3| 1959
Tr7L. LISTRICTS
A /?5'74/05%{?, ersg lol
A vt 75 4 Boo
o o 57 4| 348
Bl 2 Here Lotz 2]
c e 77
D i 52
’ | | 4C | 1121
total product ’H':SO - o1
CH (welgheed) - total acea V40 & P &l Storrmy | Stomm | Slorm
: LN} - =%
Feequenty soeeensoannss tereccesassrsoets ye 2 10 \25
Ratafall, P (24-houc) .... ceresnsasese Ln 3L | S| 6.4




Worksheet 3: Time of concentration (Tc)'or travel time (T)

UFPFER MAMKLIN CEEEK
broject IRBINAGE ST LOY w KBE e ) [&8

MDD RT S0 MO KT 589
Locatlon W/ORKCEST (»]¥} Checked Date

Clrcle one: Present Developed {2&}@92 é’c&a : 4

Circle one: @ T[ through subarcea

NOTES: Space for as many as two scgrents per flow type can be used for each
worksheed.

Include a zap, schematice, or descriptlon of flov segnents.

Shest flow (Applicadle to ‘l'c only) Segnent ID A
1. Surface descripcion (table 3-1) ...ovnviunns Frelds
2. Manning’s roughness coeff., n (cadble 3-1) .. . 17

3. Flov length, L (total L € 300 ft) .......... fc | 300

4, Two-yr 2%-hr rainfall, Pi Cieteseiresannenes tn | D.0e

5. Land SLoPe, 5§ tevevncesercsrsnsncnranrneenss f0/fC [ 0OF

0.8 .

0.007 (al) + P

6, T w7 eeres . »
¢ 9.3 0.5 Compute T, . ht 7] 7/
P s
2

Shallov concentraced flow Segnent 1D B
7. Surface description {paved or unpaved) .....- Unpt\'d

8- F].O"I length, L seotensocsoroonsanssosensronne ft OOO'

9. Watercourse slope, 6 cescsvesssrecssscrsrnss f0/f0 .OOI

10, Average veloclty, V (Ffigure 3-1) .uvevevsee. ft/s \. |

L -
11l. T: -3600—V CORIPUEE T[ troeee hr \\s‘ + ‘16.
Channel flov Segment ID C
12, Cross sectional flow area, @ sveessressecnos fc2
13. Vetted perleeter, Py srevssesnsanacsirsonnas fc
14, Hydraulic radius, ¢ = p_a_ Conpute T-eeeesns fe
v

15. Channel 510Pe, S seeeveosssasssscsscvannssss £C/EC -00’

16. Hannlng’s roughaess coeff., N vevrnsrvscenns lo
1.49 rZ/] a1/2
P e — Compute V «..cvv. ft/s \. O

n

18, Flow 1ength, L veevernnenessonsesserenneess  fr | | 5O

Somie

9. Tc - 36;0 v C°“Put° T: essene he P 4’3 + -1, 43

20. Wacershed oc subarea 'l‘c or Tt (add Tc in cteps 6, ll‘, and 19) ....... ‘hr \'- Zq

(210-VI-TR.55, Second Ed.,dunc 1936)



‘JiCk TR-55 Version: 3.41 S/N: 87010528 Page 1 of 6
TR-55 TABULAR HYDROGRAPH METHOD
Type 11 Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:12:27
Watershed File --> C:UMCFil .WSD Hydrograph File —3% C:UMCF11 .HYD

Hydrograph for assumed future conditions for the year 2000.
Two yeay glovin.

>>2> Input’ Parameters Used to Compute Hydrograph <<<<

Subarea AREA CN Tc * Tt Precip. : Runoff Ia/p
Degeription (acres) (hrsg) (hrs) (in) ' (in) input/used
Drainage Area
Drainage Area
Drainage Area
Drainage Area

300.00 81.0 0.50 0.75 3.60
170.00 83.0 2.00 0.75 3.60
190.00 87.0 0.40 0.75 3.60 2.27 .08 .10
140.00 81.0 1.25 0.00 3.60 1.79 .13 .10
* Travel time from subarea outfall to composite watershed outfall point.
Total area = 800.00 acres or 1.2500 sq.mi

Peak discharge = 695 cfs

1.79 .13 .10
1.94 .11 .10

BWw e

>>>> Computer Modifications of Input Parameters <{<<K<KK

Input Values Rounded Values la/p
Subarea Tc * Tt Tc * Tt Interpolated Ia/p
Description (hr) (hr) (hr) (hr) (Yes/No) Messages
Drainage Area 1 0.58 0.63 0.50 0.75 No -
Drainage Area 2 1.72 0.985 2.00 0.75 No —
Drainage Area 3 0.48 0.63 0.40 0.75 No Computed ITa/p < .1
Drainage Area 4 1.29 0.00 1.25 0.00 No -

* Travel time from subarea outfall to composite watershed outfall point.



Quick TR-55 Version: 3.41 S/N: 87010528 Page 2 of 6
. TR-5%5 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:12:27
Watershed File ~-~> C:UMCFl1 .WSD Hydrograph File —> C:UMCF11 .HYD

Hydrograph for assumed future conditions for the vyear 2000.
Two year storm.

>>>> Summary of Subarea Times to Peak <K<K

Time to Peak at
Peak Discharge Composite Outfall

Subarea (cfs) (hrs)
Drainage Area 1 314 13.2
Drainage Area 2 104 14.0
Drainage Area 3 265 13.0
Drainage Area 4 122 13.0

2

Composite Watershed 695 13.



Quick TR-55 Version: 3.41 S/N: 87010528 Page 3 of 6

' TR~-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:12:27
Watershed File -->» C:UMCF11 .WSD Hydrograph File —--> C:UMCF11 _HYD

Hydrograph for assumed future conditions for the year 2000.
Two vear storm.

-Composite Hydrograph Summary (cfs)

s

Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4

Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 8 9 12 16 18 20 23 26 31
Drainage Area 2 2 3 4 5 5 6 6 7 8
Drainage Area 3 7 9 11 16 18 20 24 30 44
Drainage Area 4 4 5 7 10 11 15 21 32 46
Total (cfs) 21 26 34 47 52 61 74 95 129

Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8

Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 41 62 99 153 268 314 275 205 142
Drainage Area 2 g 11 14 18 30 47 66 85 98
Drainage Area 3 71 115 169 220 265 230 165 111 75
Drainage Area 4 64 83 100 111 122 104 83 64 51
Total (cfs) 185 271 382 502 685 695 589 465 366



Quick TR-55 Version:

3.41 8/N: 87010528 Page 4 of 6
. TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)
Executed: 11-21-1988 06:12:27
Watershed File —--> C:UMCF11 .WSD Hydrograph File ——> C:UMCF11 .HYD
Hydrograph for assumed future conditions for the year 2000.
Two year storm.
Composite Hydrograph Summary (cfs)
Subarea 14.0 14.3 14.6 15.0 15.5 16.0 16.5 17.0 17.5
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 98 64 47 36 29 26 23 21 18
‘Drainage Area 2 104 100 86 64 45 32 25 20 16
Drainage Area 3 55 40 32 26 22 20 i8 15 14
Drainage Area 4 41 31 24 18 14 12 11 9 9
Total (cfs) 298 235 189 144 110 90 77 65 57
Subarea 18.0 15.0 20.0 22.0 26.0
Description hr hr hr hr hr
Drainage Area 1 18 15 13 10 1
Drainage Area 2 14 11 9 7 3
Drainage Area 3 13 12 10 8 0
Drainage Area 4 8 7 6 5 0
Total (cfs) 53 a5 38 30 4



‘mick TR-55 Version: 3.41 §/N: 87010528

TR-55 TABULAR HYDROGRAPH METHOD

Type I1 Distribution

(24 hr. Duration Storm)

Executed: 11-21-1988 09:12:27
Watershed File --> C:UMCFl11 .WSD

Page 5 of 6

Hydrograph File ~-> C:UMCFll .HYD

Hydrograph for assumed future conditions for the vear 2000.

Two year storm.

Time Flow
(hrs) (cfs)
11.0 21
11.1 23
11.2 24
11.3 26
11.4 29
11.5 31
11.6 34
11.7 38
11.8 43
11.9 47
12.0 52
12.1 61
12.2 74
12.3 95
12.4 129
12.5 185
12.6 271
12.7 382
12.8 502
12.9 594
13.0 685
13.1 690
13.2 695
13.3 642
13.4 589
13.5 527
13.6 465
13.7 415
13.8 366
13.9 332
14.0 298
14.1 277
o 14.2 256
14.3 235
14.4 220
14.5 204
14.6 189
14.7 178

Time Flow
(hrs) (cfs)
14.8 166
14.9 155
15.0 144
15.1 137
15.2 130
15.3 124
15.4 117
15.95 110
15.6 106
15.7 102
15.8 98
15.9 94
16.0 90
16.1 87
16.2 85
16.3 82
16.4 80
16.5 77
16.6 75
16.7 72
16.8 70
16.9 67
17.0 65
17.1 63
17.2 62
17.3 60
17 .4 59
17.5 57
17.6 56
17.7 55
17.8 55
17.9 54
i8.0 53
18.1 52
18.2 51
18.3 51
18.4 50
18.5 49



Quick TR-55 Version:

Watershed File --> C:UMCF1l1 .WSD

3.41 S/N: 87010528

TR-55 TABULAR HYDROGRAPH METHOD

Type 11 Distribution

(24 hr. Duration Storm)

Executed: 11-21-1988

09:12:27
Hydrograph File ~--> C:UMCF11 .HYD

Page 6 of 6

Hydrograph for assumed future conditions for the year 2000.

Two year storm.

22.

Time - Flow
(hrs) (cfs)
18.6 48
18.7 a7
18.8 a7
18.9 46
19.0 45
16.1 44
19.2 44
19.3 43
16.4 42
19.5 42
19.6 41
19.7 40
19.8 39
19.9 39
20.0 38
20.1 38
20.2 37
20.3 37
20.4 36
20.5 36
20.6 36
20.7 35
20.8 35
20.9 34
21.0 34
21.1 34
21.2 33
21.3 33
21.4 32
21.5 32
21.6 32
21.7 31
21.8 31
21.9 30
. 22.0 30
22.1 29
22.2 29
3

28

Time Flow
(hrs) (cfs)
22.4 27
22.5 27
22.6 26
22.7 25
22.8 25
22.9 24
23.0 24
23.1 23
23.2 22
23.3 22
23.4 21
23.5 20
23.6 20
23.7 19
23.8 18
23.9 18
24.0 17
24.1 16
24.2 16
24.3 15
24 .4 14
24.5 14
24.6 13
24.7 12
24.8 12
24.9 11
25.0 11
25.1 10
25.2 9
25.3 9
25.4 8
25.5 7
25.6 7
25.7 6
25.8 5
25.9 5



Quick TR—-55 Version: 3.41 S/N: 87010528 Page 1 of 6
. TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:15:02
Watershed File ~-~> C:UMCF12 .WSD Hydrograph File ——> C:UMCF12 .HYD

Hydrograph for assumed future conditions for the year 2000.
Ten year storm.

>>>> Input Parameters Used to Compute Hydrograph <<<<

Subarea AREA CN Tc * Tt Precip. | Runoff Ia/p
Description (acres) (hrs) (hrs) (in) H (in) 1input/used

Drainage Area 1 300.00 81.
Drainage Area 2 170.00 83.
Drainage Area 3 190.00 87.
Drainage Area 4 140.00 81.

0.50 0.75 5.60
2.00 0.75 5.60
0.40 0.73 5.60
1.25 0.00 5.60

3.52 .08 .10
3.72 .07 .10
4.14 .05 .10
3.52 .08 .10

loReNoNo]

* Travel time from subarea outfall to composite watershed outfall point.
Total area = 800.00 acres or 1.2500 sq.mi
Peak discharge = 1331 cfs

>>>> Computer Modifications of Input Parameters <<<KKX

Input Values Rounded Values Ia/p
Subarea Tc * Tt Tc * Tt Interpolated Ia/p
Description (hr) (hr) (hr) (hr) (Yes/No) Messages
Drainage Area 1 0.58 0.63 0.50 0.75 No Computed la/p < 1
Drainage Area 2 1.72 0.95 2.00 0.75 No Computed Ia/p < .1
Drainage Area 3 0.48 0.63 0.40 0.75 No Computed Ia/p < .1
Drainage Area 4 1.29 0.00 1.25 0.00 No Computed Ia/p < .1

* Travel time from subarea outfall to composite watershed outfall point.



Quick TR-55 Version: 3.41 S/N: 87010528 Page 2 of 6

o TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:15:02
Watershed File --> C:UMCF12 .WSD Hydrograph File —-~> C:UMCF12 .HYD

Hydrograph for assumed future conditions for the year 2000.
Ten year storm.

>>>> Summary of Subarea Times to Peak <<<K

Time to Peak at
Peak Discharge Composite OQutfall

Subarea (cfs) (hrs)
Drainage Area 1 617 13.2
Drainage Area 2 200 14.0
Drainage Area 3 483 13.0
Drainage Area 4 239 13.0

Composite Watershed 1331 13.2



Quick TR-55 Version: 3.41 S/N: 87010528 Page 3 of 6
o TR-55 TABULAR HYDROGRAPH METHOD
Type 11 Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:15:02 '
Watershed File —-> C:UMCF12 .WSD Hydrograph File —-> C:UMCF12 .HYD

Hydrograph for assumed future conditions for the year 2000.
Ten year storm.

Composite Hydrograph Summary (cfs)

Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 15 18 23 31 35 - 40 45 51 61
Drainage Area 2 4 6 7 9 10 11 12 13 15
Drainage Area 3 12 16 21 29 32 37 43 55 80
Drainage Area 4 8 10 14 19 22 29 42 62 91
Total (cfs) 39 50 65 88 99 117 142 181 247
Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 81 122 195 300 526 617 541 403 279
Drainage Area 2 18 22 27 35 57 90 127 162 189
Drainage Area 3 130 209 308 401 483 419 301 202 138
Drainage Area 4 126 164 197 219 239 205 163 126 99
Total (cfs) 355 517 727 955 1305 1331 1132 893 705



Quick TR-55 Version: 3.41 S/N: 87010528 Page 4 of 6

. TR-55 TABULAR HYDROGRAPH METHOD
Type 11 Distribution
(24 hr. Duration Storm)

Executed: 11~-21-1988 09:15:02
Watershed File —-> C:UMCF12 .WSD Hydrograph File --> C:UMCF12 .HYD

Hydrograph for assumed future conditions for the year 2000.
Ten year storm.

Composite Hydrograph Summary (cfs)

Subarea 14.0 14.3 14.6 15.0 15.5 16.0 16.5 17.0 17.5
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 193 125 92 71 58 51 46 41 36
Drainage Area 2 200 192 165 124 86 62 47 38 32
Drainage Area 3 100 73 59 48 41 37 32 28 26
Drainage Area 4 80 60 47 36 28 24 21 18 17
Total (cfs) 573 450 363 279 213 174 146 125 111
Subarea 18.0 19.0 20.0 22.0 26.0
Description hr hr hr hr hr
Drainage Area 1 35 30 26 20 2
Drainage Area 2 27 22 18 14 6
Drainage Area 3 25 22 18 15 o
Drainage Area 4 15 14 12 9 1
Total (cfs) 102 88 74 58 9



@ uick TR-55 Version: 3.41 S/N: 87010528

TR-55 TABULAR HYDROGRAPH METHOD

Type II Distribution

(24 hr. Duration Storm)

Executed: 11-21-1988 09:15:02
Watershed File —> C:UMCF12 .WSD

Page 5 of 6

Hydrograph File -~-> C:UMCF12 .HYD

Hydrograph for assumed future conditions for the year 2000.

Ten vear storm.

Time Flow
(hrs) (cfs)
11.0 39
11.1 43
11.2 46
11.3 50
11.4 55
11.5 60
11.6 65
11.7 73
11.8 80
11.9 88
12.0 99
12.1 117
12.2 142
12.3 181
12.4 247
12.5 355
12.6 517
12.7 727
12.8 955
12.9 1130
13.0 1305
13.1 1318
13.2 1331
13.3 1231
13.4 1132
13.5 1013
13.6 893
13.7 799
13.8 705
13.9 639
14.0 573
14.1 532 .
‘ 14.2 491
14.3 450
14.4 421
14.5 392
14.6 363
14.7 342

Time Flow
(hrs) (cfs)
14.8 321
14.9 300
15.0 279
15.1 266
15.2 253
15.3 239
15.4 226
15.5 213
15.6 205
15.7 197
15.8 190
15.9 182
16.0 174
16.1 168
16.2 163
16.3 157
16.4 152
16.5 146
16.6 142
16.7 138
16.8 133
16.9 129
17.0 125
17.1 122
17.2 119
17.3 117
17.4 114
17.5 111
17.6 109
17.7 107
17.8 106
17.9 104
18.0 102
18.1 101
18.2 99
18.3 98
18.4 96
5

18.

95



Quick TR-55 Version:

3.41 S/N: 87010528

TR-55 TABULAR HYDROGRAPH METHOD

Type II Distribution

(24 hr. Duration Storm)

Executed: 11-21-1988 09:15:02
Watershed File --> C:UMCFl12 .WSD

Page 6 of 6

Hydrograph File —--> C:UMCF12 .HYD

Hydrograph for assumed future conditions for the year 2000.

Ten year storm.

22.

Time - Flow
(hrs) (cfs)
18.6 94
18.7 92
18.8 91
18.6 89
19.0 88
19.1 87
19.2 85
19.3 84
19.4 82
19.5 g1l
19.6 80
19.7 78
19.8 77
19.9 75
20.0 74
20.1 73
20.2 72
20.3 72
20.4 71
20.5 70
20.6 69
20.7 68
20.8 68
20.9 67
21.0 66
21.1 65
21.2 64
21.3 64
21.4 63
21.5 62
21.6 61
21.7 60
21.8 60
21.9 59
. 22.0 58
22.1 57
22.2 56
3

54

Time Flow
(hrs) (cfs)
22.4 53
22.5 52
22.6 51
22.7 49
22.8 48
22.9 47
23.0 46
23.1 45
23.2 43
23.3 42
23.4 41
23.5 40
23.6 38
23.7 37
23.8 36
23.9 35
24.0 34
24.1 32
24.2 31
24.3 30
24.4 29
24.5 27
24.6 26
24.7 25
24.8 24
24.9 22
25.0 21
25.1 20
25.2 19
25.3 18
25.4 16
25.5 15
25.6 14
25.7 13
25.8 11
25.9 10



Quick TR-55 Version: 3.41 S/N: 87010528 Page 1 of 6

‘ TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:20:53

Watershed File -——> C:UMCF13 .WSD Hydrograph File ——> C:UMCF13 .HYD
Hydrograph for assumed future conditions for the vear 2000.
Twenty—-five vyear storm.
>>>> Input Parameters Used to Compute Hydrograph <K<K
Subarea AREA CN Tc * Tt Precip. ! Runoff lIa/p

Description (acres) (hrs) (hrs) (in) ' (in) input/used
Drainage Area 1 300.00 81.0 0.50 0.75 6.40 : 4.25 .07 .10
Drainage Area 2 170.00 83.0 2.00 0.75 6.40 1 4.46 .06 .10
Drainage Area 3 190.00 87.0 0.40 0.75 6.40 H 4.90 .05 .10
Drainage Area 4 140.00 81.0 1.2% 0.00 6.40 : 4,25 .07 .10
* Travel time from subarea outfall to composite watershed outfall point.
Total area = 800.00 acres or 1.2500 sqg.mi
Peak discharge = 1596 cfs
>>>> Computer Modifications of Input Parameters <{<<<KK
Input Values Rounded Values Ia/p
Subarea Tc * Tt Tc * Tt Interpolated Ia/p
Description (hr) (hr) (hr) (hr) (Yes/No) Messages
Prainage Area 1 0.58 0.63 0.50 0.75 No Computed Ia/p < .1
Drainage Area 2 1.72 0.95 2.00 0.75 No Computed Ia/p < .1
Drainage Area 3 0.48 0.63 0.40 0.75 No Computed la/p < .1
Drainage Area 4 1.29 0.00 1.25 0.00 No Computed Ia/p < .1

* Travel time from subarea outfall to composite watershed outfall point.



Quick TR-55 Version: 3.41 S/N: 87010528 Page 2 of 6

. TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:20:53
Watershed File --> C:UMCF13 .WSD Hydrograph File —> C:UMCF13 .HYD

Hydrograph for assumed future conditions for the vear 2000.
Twenty—-five year storm.

>>>> Summary of Subarea Timés to Peak <<<KK

Time to Peak at
Peak Discharge Composite Outfall

Subarea (cfs) v (hrs)
Drainage Area 1 745 13.2
Drainage Area 2 239 14.0
Drainage Area 3 572 13.0
Drainage Area 4 289 13.0

Composite Watershed 1596 13.2



Quick TR-55 Version: 3.41 S/N: 87010528 Page 3 of 6
. TR-55 TABULAR HYDRCGRAPH METHOD
Type Il Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:20:53
Watershed File -—--> C:UMCF13 .WSD Hydrograph File --> C:UMCF13 .HYD

Hydrograph for assumed future conditions for the year 2000.
Twenty—-five year storm.

Composite Hydrograph Summary (cfs)

Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4

Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 18 22 28 38 42 48 54 62 74
Drainage Area 2 5 7 8 11 12 13 14 15 18
Drainage Area 3 15 19 25 35 38 44 51 65 95
Drainage Area 4 9 12 17 23 27 35 50 75 110
Total (cfs) 47 60 78 107 119 140 169 217 297

Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8

Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 98 147 235 363 636 745 633 486 337
Drainage Area 2 21 26 32 41 69 108 153 194 226
Drainage Area 3 154 247 365 474 572 496 356 239 163
Drainage Area 4 152 198 238 264 289 247 197 152 120
Total (cfs) 425 618 870 1142 1566 1596 1359 1071 846



Quick TR-55 Version: 3.41 S/N: 87010528 Page 4 of 6
. TR-55 TABULAR HYDROGRAPH METHOD
Type I1 Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:20:53
Watershed File --> C:UMCF13 .WSD Hydrograph File ——> C:UMCF13 .HYD

Hydrograph for assumed future conditions for the year 2000.
Twenty—-five year storm.

Composite Hydrograph Summary (cfs)

Subarea 14.0 14.3 14.6 15.0 15.5 16.0 16.5 17.0 17.5

Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 233 151 112 86 70 62 56 50 44
Drainage Area 2 239 230 198 148 103 75 57 45 38
Drainage Area 3 118 86 70 57 48 44 38 - 33 31
Drainage Area 4 97 73 57 44 34 29 25 22 20
Total (cfs) 687 540 437 335 255 210 176 150 133

Subarea 18.0 19.0 20.0 22.0 26.0

Description hr hr hr hr hr
Drainage Area 1 42 36 32 24 2
Drainage Area 2 32 26 21 17 7
Drainage Area 3 29 26 22 17 0
Drainage Area 4 19 17 15 i1 1
Total (cfs) 122 105 90 69 10



@uick TR-55 version: 3.41 s/N: 87010528

TR-55 TABULAR HYDROGRAPH METHOD

Type 11
(24 hr.

Executed: 11-21-1988 09:20:33

Watershed File -—-> C:UMCF13 .WSD

Distribution
Duration Storm)

Page 5 of 6

Hydrograph File ——> C:UMCF13 _HYD

Hydrograph for assumed future conditions for the year 2000.

Twenty-f

Time Flow
(hrs) {cfs)
11.0 47
11.1 51
11.2 56
11.3 60
11.4 66
11.5 72
11.6 78
11.7 88
11.8 97
11.9 107
12.0 119
12.1 140
12.2 169
12.3 217
12.4 297
12.5 425
12.6 618
12.7 870
12.8 1142
12.9 1354
13.0 1566
13.1 1581
13.2 1596
13.3 1477
13.4 1359
13.5 12135
13.6 1071
13.7 958
13.8 846
13.9 766
14.0 687
14.1 638
. 14.2 589
14.3 540
14.4 506
14.5 471
14.6 437
14.7 411

ive year storm.

Time Flow
(hrs) (cfs)
14.8 386
14.9 360
15.0 335
15.1 319
15.2 303
15.3 287
15.4 271
15.5 255
15.6 246
15.7 237
15.8 228
15.9 219
16.0 210
16.1 203
16.2 196
16.3 190
16.4 183
16.5 176
16.6 171
16.7 166
16.8 160
16.9 155
17.0 150
17.1 147
17.2 143
17.3 140
17.4 136
17.5 133
17.6 131
17.7 129
17.8 126
17.9 124
18.0 122
18.1 120
18.2 119
18.3 117
18.4 115
5

18.

114



Quick TR-55 Version:

3.41 S/N: 870

TR-55 TABULAR HYDROGRAPH METHOD

Type 11
(24 hr.

Executed: 11-21-1988 09:20:53

Watershed File --> C:UMCF13 .WSD

10528

Distribution
Duration Storm)

Page 6 of 6

Hydrograph File ——> C:UMCF13 .HYD

Hydrograph for assumed future conditions for the year 2000.

Twenty-f£f

Time . Flow
(hrs) (cfs)
18.6 112
18.7 110
18.8 108
18.9 107
19.0 105
i9.1 104
19.2 102
19.3 101
19.4 99
19.5 98
19.6 96
19.7 95
19.8 93
19.9 92
20.0 90
20.1 89
20.2 88
20.3 87
20.4 86
20.5 85
20.6 84
20.7 83
20.8 82
20.9 81
21.0 80
21.1 78
21.2 77
21.3 76
21.4 79
21.5 74
21.6 73
21.7 72
21.8 71
21.9 70
' 22.0 69
22.1 68
22.2 66
22.3 65

ive year storm.

Time Flow
(hrs) (cfs)
22.4 63
22.5 62
22.6 60
22.7 59
22.8 57
22.9 56
23.0 54
23.1 53
23.2 51
23.3 50
23.4 48
23.5 a7
23.6 45
23.7 44
23.8 42
23.9 41
24.0 40
24.1 38
24.2 37
24.3 35
24 .4 34
24.5 32
24.6 31
24.7 29
24.8 28
24.9 26
25.0 25
25.1 23
25.2 22
25.3 20
25.4 19
25.5 17
25.6 16
295.7 14
25.8 13
25.9 11
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Worksheet 3: Time of concentralion (Te)or travel time (T))
LIEFER MANVKLIN CREEK
Proltect _Q((‘,:Z/IL/;_/Z_Q;é— STV By /(5 E Date l) ‘88

MDD R 0 MO T B39
Locatton W/ CEs TE _CfOUéfIﬁ MO Checked Date

= |

Clrcle one: fresent (Develope

Oreinage Area
Clrcle one: (T? Tl through subarey

NOTES: Space for as zany as two segrenls per flow type can be used for each
vorksheet.

include a cp, schematie, or description of flov segments.

Shest flev {applicadle o T only) Segrent 1D /4
—— ¢
L\fsv\b‘nstl.,
1. Surface description {table 3I=1} ...t Yes.
2. Manning’s roughnass coefi., n (table 3-1) .. O.on)
3. TFlow leagth, L (total L €300 fe) vovvnrnnns fe 200
4. Two-yr 2i-hc rainfall, Pé tn | 3.00
5. land slope, S vveevencrrenen Ceeeeees ieeeess frffc . 005
. .,0.8 .
6. T = M__ Compu:e T’ ceeens hre ) 06 + - . 08
2 > 9.5 0.4 LI
? s
2
Shallov concencrated flow Segnent ID B
R ’ (J..p.vtA
7. Sucface description (paved or unpaved) .....-
!
8. Flow length, L evvvvnn.. Cerrreeaaeras fe {1200
9. VWacercourse slope, & ....... e veeen. f/fe [ COST

10. Average valoclty, V (ffgure 3-1) .ieveenn... ft/s -\

. 1, -J—é—gﬁ Compute T, «veees ne |2 20 |*F *1 .30
Channel flov Segment ID c

12, Cross secclonal flow area, a .......'....n.- fcz

13, Wetted periceter, Py sverevecnssacnionsitnes fe

4, Hydraulic tadlus, t = — Conpute - uvreves fc

15. Chaanel slope, s ..... v... fe/fe | . 00)

16. Hannlng’s roughness coeffe, N seesssersncoas L0

17. v -—l'L—q—r-:,—lia Coapute ¥ +oucenn fc/s | .o

18, Flov 1eagth, L svavevvnneeesiavncecsnnneness  fC 2\00‘

19. Tt - ]6%7 Compute T, ...... 'hr .58 |t "1.58
20. Wacershed oc subarea T, orf Tr. (add Tr. fn cteps 6, ll., and 19) teeeesn -hr 0.9

(210-VI.TR.55, Second Ed-.c;unc 1930)

D3



Work:-heet 30 Time of concentration (T)-or travel time (T)
UFEFER MartkIid CREEEK

Peolear DRV .//_Q‘E: ST LY By }(55‘ Dace ) 28
MO FT 0§ MDD KT 539
Locatlon WK CES TER COUMT Y, M2 Checked Dace

Clrcle one: Fresent Qfa/ﬂaae ﬁrza = /

2.
Clecle one: 1. @chrou;h subarea #4
v T

NOTIS: Space for as zany as tuwo segrents per flow type can be used for cach
vorisheel,

Inclede 3 cap, schemattlc, oc descripcion of flov segments.

Sheet flev {spp2lcadle co TC only) Segnent ID [

1. Suriace descripclon (rable 3-1) cievvninins

2. Manntag's. roughness coeif., n (cable 3-1) ..

J. Flow lemgth, L (rocal L € 300 fc) sevenvnren fc

4, Twa-yr i rainfall, Pé ......... in

S. Land 51098, S viiiiiieiiiiiiiinas NP 1 94 3

6. 'L:t = %‘%;5_(2.'6)0.78. Compute T  ...... hr v "

1

Shallov coaczatraced flow Segmeac ID

7. Surface descripilon (paved or unmpaved) ..v..:

B. TLow 1engfih, L vuvueervisnncroonranarosnsons fc

9. Watercourse S1ope, B seovsrsnassacnsssneeans £/EC

10.  Averagz velocity, V (figure 3-1) iveeenvas. £o/s

1l. TC-B—G%—V Conmpute Tl: vesaes hr + b
Channel flow Segment 1D A"

12. Cross sectional flov area, a ................ fcz

13, Hetted perleler, P, eevseeeearesancssorsrns fe

14, H;/duulic tadfus, t© ~ '?‘a‘ Conpute f-eeavens fe

o
15, Channel s10pe, 5 vvvesevvnvsenresnsanasssess ft/fC o0

16. Hannloz's roughaess coeffe, m veeoerereroane .10
2/3 /2
17, Vv~ 1.49 ¢ 8

n

18, Flov 16geh, L vevevseveesssvsrsennnsnnarens Lt |2259

Coapute ¥ +o.vv.. fc/s ].0

. '\:-'-

19, S + -
T " Teoo v Compute T ...... ne | (3 s L3

20. Wacershed oc subarea Tc oc Tt (add T: tn ezeps 6, 11, and 19) seeeen. he o3

.

(210-VI-TR.55, Second Ed..c}unc 1936)
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Worksheet 3: Time of concentration (T )-or travel time (Ty)

UFFER" MANKLIN CREEK
brotece IR AGE _ STLOY W KBE w1188,
MO KT 20 MO KT 289

Locatlon W/ o®E( e T E COUAT Y, M7 Checked Date
Cleele onet faencnt  Beveloped Dfdinqae Hrea * 2
v

Clrcle onc:@ T( through subarea

NOTES: Soace far as zany as Cvo segrenis per flow type can be used focr cach
? Y F
vorksheen,

Includs a cap, schematic, ot description of flov segments.

Shest Ifle'.' {2pplicadle co Tc only) Segment 1D 'V A

1. Surface Zescriptlon (radle 3-1) .......

2. Yanning's roughaess coeff., n (rable 3-1) .. .01}

3. Flow leagth, L (total L € 300 £1) vecerreees  fe | 300"

b, Twomyr Bhe talnfall, Py sereenneniinnnenn tn | 3.2

5. Lland sloge, S veveverrronannennees cererenae. fUlEC | OOST

6. ‘ft -p:g%:—élg—j Compute T, vuveen ne (-0 |+ .08
Shallov concentrated flov Segaznc ID B [

7. Serface daseriptlon (paved or unpaved) ..... . UWW‘A

8. F‘lou 1ength, L vevevonnsnososeaornensasssens  fC 3 00!

9. Watercourse slOpe, B s..rvsienrrone ceereeeaftffe e COT

10.  Average velocity, V (figure 3=1) .eveveenne. ffs \ -\

1L, Tt-'ifgﬁ—i . Compute T, +veeee  Br .08 |t .08
Channel flov ' Seguent ID C

12, Cross sectlonal flovw area, 2 eveeaeeenssenes f('.2

13, Wetted perfmeter, P, s.ecoscessesessrsnnsses fe
14, Kydraul;.c tadfus, t = ';i Conpute T-eveeses fe
15. Channel slope, s ...... ‘.l.................... fe/fe | s0e!
16. K.?nnlng's roughness coeff., M cevsveencnisse L3
17. v --l—'-iq-—r—zﬁ—i-l—l—z- Compute ¥V seeenes fe/s | 4'4'

!
18, Flou length, L vuvvvocunceasoasssasnecnsosne  £C (eSO

-—t *'l -
19, Tr_ 500 7 Conmpute T‘...... he .\3 -"-J>

20. Vacershed oc subacea T, o T: {add Tt {n steps 6, It, and 19) ....... .hr . ?.CI

(210-V1-TR-55, Second Ed..c}unc 1936)



o

14, Hydraulic radius, © -;i

Work acet 3: Time of concentration ('I‘C)-or travel time (T))

UFFET Mg CREEX
Prosece (FRINAGE S TLOY

By 1(5 E-

A AT 0 g’ At ,r‘-rr ‘7\6?
Locatton WK (CES T

Clrcle one:r Fresent @

- COUNTY, MO Checked _ Date

Qci_f;e_gm__z_“

Pate I!l 68

Circle one: T O(hroubh sudacrea

NOTES: Space far as zany as two scgrments per flov type

vorishael .

include 2 cap, szhematfic,

Sheat flow {ipoll{cadle to Tc oaly) Segaent 1D

1. Surface descripclon (cahle 3-1) ..

2. Manalag's roughness coeff., n (table 3-1) ..

J. Tlowv leagth,. L (rotal L €300 fe) vovvernnnn fc
4, Two-yr li-hr ralnfall, Pz- ceeanes crrerirraes in
5. Lland sloge, 8 v.iiiinnnniiniiiiniaes NS 1923
., .,0.8
6. 1 « Q007 () 7 spuce T_ .
c 0 0 ; Compute T, hr
2

Shallov ceonceatcaced flov

Segnent ID
7. Surface descriptlon (paved or unpaved) .uuvw-
8. Tlovw lengzh, L-

9. Watercourse s1ope, 6 seuvvesensesornesnennes fE/EC

10.  Average veloclty, V (flgure 3-1) viiveesnees ft/s

L
1. T - 600 v Coapute TE tesees hr
Channel flov Segment ID

12. Cross sectlonal flow atea, a ceetrreeseanees ft‘.2

13. Wected perlaeter, Py srerrreensitatanioienns fe

Compute T eeavnne ft
B .
15. Chacnel 510pe, § evvevvccrecnnrsrnssscassses £LfEC

16. HManalag’s roughness coeff., N ceveensensenns
2/3 /2
.4
17, v .14 'n L Coampute V «eevnee (t/s
18. Fflou Leageh, L tivevvernneraecerrnovncrosans fc
19. -t
Tt 3600 7 Conmpute Tc teeans hr

20. Wacershed or subacea Tc or ‘i‘t (add Tt {n steps 6,

(210-VI.TR-5S, Second Ed.,(}unc

can be used for cach

or descriascion of flov segments.
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Worksheet 3: Time of concentration (To)-or travel time Ty

UFFER MAVKLIN CEEEK

Peotect [7K72/AAGE ST By /(55- Dace ﬂ_@
MO T 0 f MO RT 589
Locatton W/ OKCESTER COUATY, MDD Checked Dace

Clrcle oner Present Dfﬂf/?dde ﬁf&ﬁ = 3
T

Clrcle one: @ TL through subarca

NOTELS: Space for as =any 3s tvo segrmenis per flov type can be used for each
vorksheed.

Taclude 2 cp, schematic, or descrlpelon of flov segments.

Sheat flew (Aprlicadle to Tc only) Segnent ID 14'

1. Surface descripclon (rable 3-1) ........ \ngarw

2. Manning's roughnass e¢oef(., a (table 3-1) .. .01}

3. Flow leagth, L (rotal L € 300 fe) .evunnnn.. fc BOO‘

4. Tuo-yr 2i-hr rainfall, Pi Cheesiisinesenen . in 3.0

S, Land s10pe, 5 seervrnnnnsssnoessaarernssaesss EC/EC . 005

6. ’i‘c = 25%5—(:-'[‘)‘—)—2—8 Compute To ... we |08 1+ "
Shallow concsntcated flov Sagaznt 1D

7. Surface deserintlon (paved or unpaved) ..... .

8. Flov length, L viuveervnnerrenroonacsanrsnons fc

9. Watercourse S10Pe, § coevveevervnnvrnens N 141

10.  Average velocity, V (Eigure 3-1) +evivvennnn fc/s

1. 1, -3%0—‘]- Compute T, +evece. he * =
Channel flov Segment ID %

12, Cross secclonal €lov area, @ seeeveessoscess £

13. Wetted perimeter, Py cremeerececntrirecacann fe

14, Hydraulic tadius, t = — Conpute I:evoeens fe

15. Chaanel slope, s U ..... cevees. foffc | - OO

16. Hannlng’s roughness coeff., N civivienaasaas LoD

17. v -l—'“—t:l-)—u-}-/—z- Compute ¥ coaaens fels [ 247]

18, Flov length, L ..covvuenn.n. PR e | 3GC0

9. T, - 36—;‘0—" Compute T, veeo.  hr | ° 40|+ -

20. Wacershed oc subacea Tc o¢ Tc (add Tc fn steps 6, 11, and 19) cevvees hr

(210-V1-TR.55, Second Ed.,&une 1986)




Worksheet 3: Time of concentration ('I‘C)'or teavel time ('I‘()

UFFPER MANKLIN CEFEEK
Peolect _Q&f/-’?/U//G‘E STLOY

By /(55 Dace _]_\j_&ﬁ
MO KT 0 f MO FTT 589
Locatlon LW/ OKCES T ER COUMNT Y, MO Cheeked Date

Clerele one: Present

Circle one: T, @hroush subarea

Qfa/’rmge Lrea D

NOTES: Space for as =any as tvo segreals per flov type can be used for cach

wvotrxsheed.,

Include a cap, schemazic, cor descripclon of flou segments.

Shesc flev (Applicadle co T. only) Segnent 1D
1. Surlace descripcloa (tadble 3-1) ....vvvenntn

2. Manniag's roughness coéff., n (cable 3-1) ..

3. Flov leagch, L (cotal L € 300 ft) fc

4. Tuo-yr 24-hr rainfall, ®,

g rerereeereiiiiiees in

S. Land slope, § vvvvevnnsnncnnansnnnaeienoasss fC/EC

0.8
: 0.007 (nL) -
6. LA Ll I t vevess
Tt 035 0.4 Conpute T, . ht
2,
Shallov concentraced flov Segaent ID

7. Sucface description (paved or uapaved) .....-
8. Flow length, L ....u.vvse

9. Warercourse S10Pe, 5 sevsserrssassorsenveass LU/fC

10. Average veloclty, V (figure 3-1) ....uveee.. fe/s

L
11, Tc Je00 v Conmpute Tt PPN hr
Channel flov ) Segmenc ID
12, Cross sectlonal £lov 283, @ eseeveecsensens fc2
13. Wetted perinecer, Py srectcnsassrosaserarnes fc
14, Hydcaullc cadius, t - ;i Conpule Treeerens fc

v
15. Channel slope, S vivveserensoncensvanesenrey £8/EE

16. Maanloz’s roughness coeff., M cveeveaeirenas

2/3 12
A
17, v oLl ’n s Compute ¥ soovve. fc/fs
18, Flow 1ength, L viviesneensoaonmosarssesssans fc
19. SR
T: 500V Compute T: sreees he

20, Wacecshed oc subacea Tc or T‘ {add T‘ in cLeps 6, ll', and 19) ..veee 'hl'

1+
+
A
eled
1O
1-O
7250
Lo3|Y L3

(210-VI-TR.-55, Second Bd-.&unc 1936)
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Worksheet 3: Tie of concentration (To)-ov travel time (T})

UIFFER MaMKLIN CEEEK

Peotect [DRVHALAGE STLoY By KBE-

MO T TI0 MO RTS8

Locatlon W/OFCES TER CQCOUATY, MD Cheeked

Qfm‘r@ge Lrea ™ 4

Clecle one: fresent

rmﬁ_\l_l&

Date

Circle one: @ T[ through sudbared

NOTES: Space far as =zany as (wo segrenis per flov type can be used for each

worssheed.

include a cap, schemailc, or description of flov segnments.

Shest flcv {#ppllcadle co Tc only) Segrent ID
1. Sucface ée'scr!pclon (tadle 3-1) ......

2. Manning's roughf\e'ss caeff., a (table 3-1) ..

3. Elou~leag:§,_ L .(m“l L €300 fe) .onennnns fe
4. 'Iuo‘—y»: -he ratnfall, ?é Cereesaraseenan in

S.. Land s109€, S veieeiireaseciresaesianennines fC/ET

0.8
©0.007 (al) -
6. A L J A T N T
'Et 035 0% Compute T ] h
?.' s
Shallov conceatcated flov Segaent ID

7. Surface daseriptioa (paved ot unpaved) .....-
8. Flov lengeh, L ..

9. Watercourse slope, & ..... B S 1 74 4

10, Average veloctlcy, V (figure 3-1) covvvvnvan. ft/s

11. T, -J_L—Ti Coapute T +seves he
Chanael flov . - Segment ID
12, Cross secclonal €low area, a .....'........... fe
13, Wected perfmeter, P, eoreccrsncncansinecnas fe
4. Hydeaulic cadtus, © = -p—a' Conpute Treevesss ot
15. Channel slope, s ......‘.’ ....... veevaaesasoas fUffe

16. Hanatng’s roughness coefl., n coceeacievenes

2/1 1/2
17. V-"Lgt 8 Compute Y PEEITR fc/s
n
18, Flov leagth, L vuvevsvavesseannssnssannsnnes fc
L
19. T‘ 'm—v- Compute TC teceee hc

A

A,pk”’
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300'
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005
o8 |t
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?av e J
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20. Wagershed oc subarea Tc oc T‘ (add Tt {n cteps 6, 11, and 19) ....... hr

(210-VI.TR.55, Second Ed.,c}unc 1936)
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‘uick TR-55 Version: 3.41 S/N: 87010528 Page 1 of 6
TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:39:52
Watershed File -—-> C:UMCU1l1l .WSD Hydrograph File --> C:UMCU1l1 .HYD

Hydrograph for assumed ultimate conditions.
Two year storm.

>>>> Input- Parameters Used to Compute Hydrograph <<<K<

Subarea AREA CN Tc * Tt Precip. | Runoff la/p
Description {acres) (hrs) (hrs) (in) ' {in) input/used
Drainage Area 1 300.00 88.0 1.00 0.50 3.60 H 2.36 .08 .10
Drainage Area 2 170.00 87.0 0.20 1.00 3.60 : 2.27 .08 .10
Drainage Area 3 190.00 93.0 0.40 0.75 3.60 1 2.83 .04 .10
Drainage Area 4 140.00 87.0 0.50 0.00 3.60 ' 2.27 .08 .10

* Travel time from subarea outfall to composite watershed outfall point.
Total area = 800.00 acres or 1.2500 sg.mi
Peak discharge = 927 cfs

>>>> Computer Modifications of Input Parameters <<<<K

Input Values Rounded Values Ia/p
Subarea Tc * Tt Tc * Tt Interpolated Ia/p
Description (hr) (hr) (hr) (hr) (Yes/No) Messages
Drainage Area 1 0.96 0.63 1.00 0.50 No Computed la/p < .1
Drainage Area 2 0.29 0.95 0.20 1.00 No Computed Ia/p < .1
Drainage Area 3 0.48 0.63 0.40 0.75 Ne Computed la/p < .1
Drainage Area 4 0.51 0.00 0.50 0.00 No Computed Ia/p < .1

* Travel time from subarea outfall to composite watershed ocutfall point.



Quick TR~55 Version: 3.41 S/N: 87010528 Page 2 of 6

. TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 (09:39:52
Watershed File --> C:UMCU1l .WSD - Hydrograph File --> C:UMCUl1l .HYD

Hydrograph for assumed ultimate conditions.
Two year storm.

>>>> Summary of Subarea Times to Peak <K<K

Time to Peak at
Peak Discharge Composite Outfall

Subarea (cfs) (hrs)
Drainage Area 1 344 13.2
Drainage Area 2 249 13.2
Drainage Area 3 330 13.0
Drainage Area 4 263 12.4

Composite Watershed 927 13.2



Quick TR-55 Version:

3.41 S/N: 87010528

TR-55 TABULAR HYDROGRAPH METHOD

Page 3 of 6

Type II Distribution
(24 hr. Duration Storm)
Executed: 11-21-1988 06:39:52
Watershed File -—--> C:UMCU11 .WSD Hydrograph File —> C:UMCU11 .HYD
Hydrograph for assumed ultimate conditions.
Two year storm.
Composite Hydrograph Summary (cfs)

Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 9 11 14 20 22 24 28 33 42
Drainage Area 2 5 7 8 11 13 14 16 18 21
Drainage Area 3 8 11 14 20 22 25 29 38 55
Drainage Area 4 8 11 16 28 a7 84 153 232 263
Total (cfs) 30 40 52 79 104 147 226 321 381
Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 59 86 126 176 280 344 332 278 216
Drainage Area 2 27 37 61 101 203 249 213 148 95
Drainage Area 3 89 143 211 274 330 286 206 138 94
Drainage Area 4 252 200 147 112 70 48 37 30 26
Total (cfs) 427 466 545 663 883 927 788 594 431



Quick TR-55 Version: 3.41 S/N: 87010528

TR-55 TABULAR HYDROGRAPH METHOD
Type 11 Distribution
(24 hr. Duration Storm)

Page 4 of 6

Executed: 11-21-1988 09:39:52
Watershed File -—--> C:UMCUl1l .WSD Hydrograph File ——> C:UMCUll .HYD
Hydrograph for assumed ultimate conditions.
Two year storm.
Composite Hydrograph Summary (cfs)
Subarea 14.0 14.3 14.6 15.0 15.5 16.0 16.5 17.0 17.5
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 165 113 82 59 44 37 32 28 25
Drainage Area 2 63 41 32 25 21 19 i7 14 i3
Drainage Area 3 68 50 40 33 28 25 22 19 18
Drainage Area 4 23 20 18 16 14 13 11 10 10
Total (cfs) 319 224 172 133 107 94 82 71 66
Subarea 18.0 19.0 20.0 22.0 26.0
Description hr hr hr hr hr
Drainage Area 1 23 20 18 13 1
Drainage Area 2 12 11 10 7 0
Drainage Area 3 17 15 i3 10 0
Drainage Area 4 9 8 7 6 0
Total (cfs) 61 54 48 36 1



@ uick TR-55 Version: 3.41 S/N: 87010528 Page 5 of 6

TR-5% TABULAR HYDROGRAPH METHOD
Type 11 Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:39:52
Watershed File —-> C:UMCU11 .WSD Hydrograph File —> C:UMCU1l1 .HYD

Hydrograph for assumed ultimate conditions.
Two year storm.

Time Flow Time Flow
(hrs) (cfs) (hrs) (cfs)
11.0 30 14.8 152
11.1 33 14.9 143
11.2 37 15.0 133
11.3 40 15.1 128
11.4 44 15.2 123
11.5 48 15.3 117
11.6 52 15.4 112
11.7 61 15.5 107
11.8 70 15.6 104
11.9 79 15.7 102
12.0 104 15.8 99
12.1 147 15.9 97
12.2 226 16.0 94
12.3 321 16.1 92
12.4 381 16.2 89
12.5 427 16.3 87
12.6 466 16.4 84
12.7 545 16.5 82
12.8 663 16.6 80
12.9 773 16.7 78
13.0 883 16.8 75
13.1 905 16.9 73
13.2 927 17.0 71
13.3 857 17.1 70
13.4 788 17.2 6%
13.5 691 17.3 68
13.6 594 17.4 67
13.7 512 17.5 66
13.8 431 17.6 65
13.9 375 17.7 64
14.0 319 17.8 63
14.1 287 17.9 62
‘ 14.2 256 18.0 61
14.3 224 18.1 60
14 .4 207 18.2 60
14.5 189 18.3 59
14.6 172 18.4 58
14.7 162 18.5 58



TR-55 Version:

shed File

Hydrograph for assumed ultimate conditions.

3.41 S/N: 87010528

TR-55 TABULAR HYDROGRAPH METHOD

Type 11
(24 hr.

Executed: 11-21-1988 09:39:52
——> C:UMCU11

.WSD

Distribution

Duration Storm)

Page 6 of 6

Hydrograph File ~-> C:UMCU11 .HYD

Two vear storm.

Time Flow
(hrs) (cfs)
18.6 57
18.7 56
18.8 55
18.9 55
1.0 54
19.1 53
19.2 53
19.3 52
19.4 52
19.5 51
19.6 50
19.7 50
19.8 49
19.9 49
20.0 48
20.1 47
20.2 47
20.3 46
20.4 46
20.5 45
20.6 44
20.7 44
20.8 43
20.9 43
21.0 42
21.1 41
21.2 41
21.3 40
21.4 40
21.35 39
21.6 38
21.7 38
21.8 37
21.9 37
22.0 36
22.1 35
22.2 34
3

22.

33

Time Flow
(hrs) (cfs)
22.4 33
22.5 32
22.6 31
22.7 30
22.8 29
22.9 28
23.0 27
23.1 26
23.2 26
23.3 25
23.4 24
23.5 23
23.6 22
23.7 21
23.8 20
23.9 19
24.0 19
24 .1 18
24.2 17
24.3 16
24 .4 15
24.5 14
24.6 13
24.7 12
24.8 12
24.9 11
25.0 10
25.1 9
25.2 8
25.3 7
25.4 6
25.5% 5
25.6 5
25.7 4
25.8 3
25.9 2



Quick TR-53 Version: 3.41 S/N: 87010528 Page 1 of 6

‘ TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:40:56
Watershed File ~——-> C:UMCU12 .WSD Hydrograph File ——> C:UMCU12 .HYD

Hydrograph for assumed ultimate conditions.
Ten year storm.

>>>> Input Parameters Used to Compute Hydrograph <<<X

Subarea AREA CN Tc * Tt Precip. ' Runoff Ia/p
Description (acres) {hrs) (hrs) (in) : (in) input/used

300.00 88.
170.00 87.
19G6.00 93.
140.00 87.

1.00 0.50 5.60 4.24 .05 .10

Drainage Area :
0.20 1.00 5.60 : 4.14 .05 .10

Drainage Area
Drainage Area
Drainage Area
* Travel time from subarea outfall to composite watershed outfall point.
Total area = 800.00 acres or 1.2500 sq.mi
Peak discharge = 1644 cfs

0.40 0.75 5.60 4.79 .03 .10
0.50 0.00 5.60 4.14 .05 .10

bHwun e
OO OCOoO

>>>> Computer Modifications of Input Parameters <{<<<K<K

Input Values Rounded Values Ia/p
Subarea Tc * Tt Tc * Tt Interpolated la/p
Description {hr) (hr) (hr) (hr) (Yes/No) Messages
Drainage Area 1 0.96 0.63 1.00 0.50 No Computed Ia/p < .1
Drainage Area 2 0.29 0.95 0.20 1.00 No Computed Ia/p < .1
Drainage Area 3 0.48 0.63 0.40 0.75 No Computed la/p < .1
Drainage Area 4 0.51 0.00 0.50 0.00 No Computed Ia/p < .1

* Travel time from subarea outfall to composite watershed outfall point.



Quick TR-55 Version: 3.41 S/N: 87010528 Page 2 of 6
. TR~-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:40:56
Watershed File --> C:UMCU12 .WSD Hydrograph File —->» C:UMCU12 .HYD

Hydrograph for assumed ultimate conditions.
Ten year storm.

>>>> Summary of Subarea Times to Peak <{<«<K

Time to Peak at
Peak Discharge Composite QOutfall

Subarea (cfs) (hrs)
Drainage Area 1 618 13.2
Drainage Area 2 454 13.2
Drainage Area 3 559 13.0
Drainage Area 4 479 12.4

Composite Watershed 1644 13.2



Quick TR-55 Version: 3.41 S5/N: 87010528 Page 3 of 6

. TR~-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:40:56

Watershed File --> C:UMCUl12 .WSD Hydrograph File —--> C:UMCUl12 .HYD
Hydrograph for assumed ultimate conditions.
Ten year storm.
Composite Hydrograph Summary (cfs)

Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 16 20 26 36 40 44 50 60 76
Drainage Area 2 10 12 15 21 23 26 29 33 38
Drainage Area 3 14 18 24 34 37 43 50 64 92
Drainage Area 4 15 21 29 52 85 154 279 423 479
Total (cfs) 55 71 94 143 185 267 408 580 685
Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 105 155 227 316 503 618 596 499 388
Drainage Area 2 48 68 111 184 371 454 388 269 173
Drainage Area 3 151 242 357 464 559 485 348 233 159
Drainage Area 4 459 364 269 205 127 87 67 55 48
Total (cfs) 763 829 964 1169 1560 1644 1399 1056 768



Quick TR-55 Version: 3.41 S/N: 87010528 Page 4 of 6
’ TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:40:56
Waterghed File —> C:UMCUl12 .WSD Hydrograph File —--> C:UMCU12 .HYD

Hydrograph for assumed ultimate conditions.
Ten year storm.

Composite Hydrograph Summary (cfs)

Subarea 14.0  14.3 14.6 15.0 15.5 16.0 16.5 17.0 17.5

Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 296 203 147 105 79 66 58 50 46
Drainage Area 2 114 75 58 46 38 34 31 26 24
Drainage Area 3 115 84 68 55 a7 43 37 33 30
Drainage Area 4 43 37 33 29 26 24 21 19 18
Total (cfs) 568 399 306 235 190 167 147 128 118

Subarea 18.0 19.0 20.0 22.0 26.0

Description hr hr hr hr hr
Drainage Area 1 42 36 32 24 2
Drainage Area 2 22 20 18 13 0
Drainage Area 3 28 26 21 17 0
Drainage Area 4 17 14 13 11 0

Total (cfs) 109 96 84 65

[\S]



. Quick TR-55 Version: 3.41 S/N: 87010528 Page 5 of 6

TR-55 TABULAR HYDROGRAPH METHOD
Type 11 Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:40:56
Watershed File —-> C:UMCU12 .WSD Hydrograph File —> C:UMCU12 .HYD

Hydrograph for assumed ultimate conditions.
Ten year storm.

Time Flow Time Flow
(hrs) (cfs) (hrs) (cfs)
11.0 55 14.8 270
11.1 60 14.9 253
11.2 66 15.0 235
11.3 71 15.1 226
11.4 79 15.2 217
11.5 86 15.3 208
11.6 94 15.4 1389
11.7 110 15.5 190
11.8 127 15.6 185
11.9 143 15.7 181
12.0 185 15.8 176
12.1 267 15.9 172
12.2 408 16.0 167
12.3 580 16.1 163
12.4 685 16.2 159
12.5 763 16.3 155
12.6 829 16.4 151
12.7 964 16.5 147
12.8 1169 16.6 143
12.9 1365 16.7 139
13.0 1560 16.8 136
13.1 1602 16.9 132
13.2 1644 17.0 128
13.3 1521 17.1- 126
13.4 1399 17.2 124
13.5 1228 17.3 122
13.6 1056 17.4 120
13.7 912 17.5 118
13.8 768 17.6 116
13.9 668 17.7 114
14.0 568 17.8 113
14.1 512 17.9 111
. 14.2 455 18.0 109
14.3 399 18.1 108
14 .4 368 18.2 106
14.5 337 18.3 105
14.6 306 18.4 104
14.7 288 18.5 103



Quick TR-55 Version: 3.41 S/N: 87010528 Page 6 of 6

. TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:40:56
Watershed File --> C:UMCU12 .WSD Hydrograph File —-—> C:UMCU12 .HYD

Hydrograph for assumed ultimate conditions.
Ten year storm.

Time . Flow Time Flow
(hrs) (cfs) (hrs) (cfs)
18.6 101 22.4 59
18.7 100 22.5 57
18.8 99 22.6 56
18.9 97 22.7 54
19.0 96 22.8 52
19.1 95 22.9 51
19.2 94 23.0 49
19.3 92 23.1 48
19.4 91 23.2 46
19.5 90 23.3 45
19.6 89 23.4 43
19.7 88 23.5 41
19.8 86 23.6 40
19.9 85 23.7 38
20.0 84 23.8 37
20.1 83 23.9 35
20.2 82 24.0 34
20.3 81 24.1 32
20.4 80 24.2 30
20.5 79 24.3 29
20.6 78 24 .4 27
20.7 77 24.5 26
20.8 76 24.6 24
20.9 75 24.7 22
21.0 75 24.8 21
21.1 74 24.9 19
21.2 73 25.0 18
21.3 72 25.1 16
21.4 71 25.2 15
21.5 70 25.3 13
21.6 69 25.4 11
21.7 68 25.5 10
21.8 67 25.6 8
21.9 66 25.7 7
. 22.0 65 25.8 5
22.1 63 25.9 4
22.2 62
22.3 60



Quick TR-55 Version: 3.41 S/N: 87010528 Page 1 of 6
' TR~55 TABULAR HYDROGRAPH METHOD
Type I1 Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:46:41
Watershed File --> C:UMCU13 .WSD Hydrograph File —--> C:UMCU13 .HYD

Hydrograph for assumed ultimate conditions.
Twenty ~-five year storm.

>>>> Input Parameters Used to Compute Hydrograph <<<K<

Subarea AREA CN Tc * Tt Precip. ' Runoff Ila/p
Description (acres) (hrs) (hrs) (in) ' (in) input/used
Drainage Area 1 300.00 88.0 1.00 0.50 6.40 1 5.01 .04 .10

- Drainage Area 2 170.00 87.0 0.20 1.00 6.40 1 4.90 .05 .10
Drainage Area 3 190.00 93.0 0.40 0.75 6.40 : 5.58 .02 .10
Drainage Area 4 140.00 87.0 0.50 0.00 6.40 ' 4.90 .05 .10

* Travel time from subarea outfall to composite watershed outfall point.
Total area = 800.00 acres or 1.2500 sq.mi
Peak discharge = 1936 cfs

>>>> Computer Modifications of Input Parameters <{<<<KX<

Input Values Rounded Values la/p
Subarea Tc * Tt Tc * Tt Interpolated Ia/p
Description (hr) (hr) (hr) (hr) (Yes/No) Messages
Drainage Area 1 0.96 0.63 1.00 0.50 No Computed Ia/p < .1
Drainage Area 2 0.29 0.95 0.20 - 1.00 No Computed Ila/p < .1
Drainage Area 3 0.48 0.63 0.40 0.75 No Computed Ia/p < .1
Drainage Area 4 0.51 0.00 0.50 0.00 No Computed Ia/p < .1

* Travel time from subarea outfall to composite watershed outfall point.




Quick TR-55 Version: 3.41 S/N: 87010528 Page 2 of 6
. TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:46:41
Watershed File —--> C:UMCU13 .WSD Hydrograph File ~-> C:UMCU13 .HYD

Hydrograph for assumed ultimate conditions.
Twenty ~five year storm.

>>>> Summary of Subarea Times to Peak <K<K

Time to Peak at
Peak Discharge Composite Outfall

Subarea (cfs) {(hrs)
Drainage Area 1 730 13.2
Drainage Area 2 538 13.2
Drainage Area 3 651 13.0
Drainage Area 4 567 12.4

Composite Watershed 1936 13.2



Quick TR-55 Version:

3.41 S/N: 87010528

TR-55 TABULAR HYDROGRAPH METHOD

Page 3 of 6

Type II Distribution
(24 hr. Duration Storm)
Executed: 11-21-1988 09:46:41
Watershed File --> C:UMCU13 .WSD Hydrograph File ——> C:UMCU13 .HYD
Hydrograph for assumed ultimate conditions.
Twenty —-five year storm.
Composite Hydrograph Summary (cfs)
Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 19 23 31 42 47 52 59 70 89
Drainage Area 2 12 14 18 25 27 31 34 39 46
Drainage Area 3 17 22 28 40 43 50 58 75 108
Drainage Area 4 18 25 34 61 101 182 330 501 567
Total (cfs) 66 84 111 168 218 315 481 685 810
Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 124 183 268 373 594 730 705 589 458
Drainage Area 2 57 81 131 217 439 538 459 319 204
Drainage Area 3 176 282 416 540 651 565 406 272 186
Drainage Area 4 543 431 318 242 150 103 79 65 57
Total (cfs) 900 977 1133 1372 1834 1936 1649 1245 905



Quick TR-55 Version: 3.41 S/N: 87010528 Page 4 of 6

TR-55 TABULAR HYDROGRAPH METHOD
Type Il Distribution
(24 hr. Duration Storm)

Executed: 11-21-1988 09:46:41

Watershed File --> C:UMCU13 .WSD Hydrograph File —--> C:UMCU13 .HYD
Hydrograph for assumed ultimate conditions.
Twenty —-five year storm.
Composite Hydrograph Summary (cfs)
Subarea 14.0 14.3 14.6 15.0 15.5 16.0 16.5 17.0 17.5
Description hr hr hr hr hr hr hr hr hr
Drainage Area 1 350 240 174 124 94 77 68 59 54
Drainage Area 2 135 89 6% 55 46 40 36 31 29
Drainage Area 3 134 98 80 65 55 50 43 38 35
Drainage Area 4 50 44 39 34 31 28 25 23 21
Total (cfs) 669 471 362 278 226 185 172 151 139
Subarea 18.0 19.0 20.0 22.0 26.0
Description hr hr hr hr hr
Drainage Area 1 49 42 38 28 2
Drainage Area 2 26 23 21 16 0
DPrainage Area 3 33 30 25 20 0
Drainage Area 4 20 17 15 13 0
Total (cfs) 128 112 99 77 2



‘luick TR-55 Version: 3.41 S/N: 87010528

Watershed File

TR-55 TABULAR HYDROGRAFH METHOD

Type 11
(24 hr.

Executed.: 11-21-1988 09:46:41
-> C:UMCU13

.WSD

Distribution

Duration Storm)

Page 5 of 6

Hydrograph File -=> C:UMCU13 .HYD

Hydrograph for assumed ultimate conditions.
Twenty —-five vear storm.

Time Flow
(hrs) (cfs)
11.0 66
11.1 72
11.2 78
11.3 84
11.4 93
11.5 102
11.6 111
11.7 130
11.8 149
11.9 168
12.0 218
12.1 315
12.2 481
12.3 689
12.4 810
12.5 900
12.6 977
12.7 1133
12.8 1372
12.9 1603
13.0 1834
13.1 1885
13.2 1936
13.3 1792
13.4 1649
13.5 1447
13.6 1245
13.7 1075
13.8 905
13.9 787
14.0 669
14.1 603
14.2 537
14.3 471
14.4 435
14.5 398
14.6 362
. 14.7 341

Time Flow
(hrs) (cfs)
14.8 320
14.9 299
15.0 278
15.1 268
15.2 257
15.3 247
15.4 236
15.5 226
15.6 220
15.7 214
15.8 207
i5.9 201
16.0 195
16.1 190
16.2 186
16.3 181
16.4 177
16.5 172
16.6 168
16.7 164
16.8 159
16.9 155
17.0 151
17.1 149
17.2 146
17.3 144
17.4 141
17.5 139
17.6 137
17.7 135
17.8 132
17.9 130
18.0 128
18.1 126
18.2 125
18.3 123
18.4 122
5

18.

120



Quick TR-55 Version:

Watershed File

3.41 S/N: 87010528

TR-55 TABULAR HYDROGRAPH METHOD

Type 11
(24 hr.

Executed: 11-21-1988 09:46:41
--> C:UMCU13

.WSD

Distribution

Duration Storm)

Page 6 of 6

Hydrograph File --> C:UMCU13 .HYD

Hydrograph for assumed ultimate conditions.
Twenty —-five yvear storm.

Time - Flow
(hrs) (cfs)
18.6 118
18.7 117
18.8 115
18.9 114
19.0 112
19.1 111
19.2 109
19.3 108
19.4 107
19.5 106
19.6 104
19.7 103
19.8 102
19.6 100
20.0 99
20.1 98
20.2 97
20.3 96
20.4 95
20.5 94
20.6 92
20.7 91
20.8 90
20.9 89
21.0 88
21.1 87
21.2 86
21.3 85
21.4 84
21.5 83
21.6 81
21.7 80
21.8 79
21.9 78
22.0 77
22.1 75
22.2 73
22.3 71

Time Flow
{(hrs) (cfs)
22.4 70
22.5 68
22.6 66
22.7 64
22.8 62
22.9 60
23.0 58
23.1 56
23.2 55
23.3 53
23.4 51
23.5 49
23.6 47
23.7 45
23.8 43
23.9 41
24.0 40
24.1 38
24.2 36
24.3 34
24.4 32
24.5 30
24.6 28
24.7 26
24 .8 25
24.9 23
25.0 21
25.1 19
25.2 17
25.3 15
25.4 13
25.5 11
25.6 10
25.7 8
25.8 6
25.9 4
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POND—-2 Version: §&/N:

12.
12.
12.
12.
12.
13.

13.

13.
13.
13.
13.
13.
13.
13.
14,
14,
14.
14,

14.

14.

(8]

6

| { 1 ! i | | ! l | 1 | ! 1 |

TIME

(hrs)

¥

»>>>>> HYDROGRAPH OVERLAY OPTION (<K<K

; 11-21-1988 10:26:13
Inflow Hydrograph: C:UMCFl1l1 .HYD Qpeak = 695.0 cfs
Overlay Hydrograph: C:UMCE1l1l .HYD Qpeak = 381.0 cfs

Approximate Storage Volume
(computed from t= 11.10 to 13.84 hrs)

23.5 acre-ft
Flow (cfs)
70 140 210 280 350 420 490 560 630 700 770

* X ¥ %

XX
*

*
bR S

Inflow Hydrograph -—> C:;UMCF11 .HYD Omax = 695.0 cfs

X Overlay Hydrograph ——-> C:UMCE1ll .HYD Omax = 381.0 cfs



POND-2 Version: S/N:
>>>>> HYDROGRAPH OVERLAY OPTION <<K<K

11-21-1988 10:26:51

Inflow Hydrograprh: C:UMCU11 .HYD Qpeak = 927.0 cfs
. Overlay Hydrograph: C:UMCE11 .HYD Qpeak = 381.0 cfs

Approximate Storage Volume
(computed from t= 11.10 to 13.95 hrs)

51.7 acre-—-ft

0 95 190 285 380 475 570 663 760 855

Flow (cfs)
950 1045

—'——

12.5 -

12.6 -

12.7 -

12.8 ~

12.9 -

13.0 -

13.1 -

13.2 -

13.3 -

13.4 -

KAX KKK
*

13.5 -

13.6 -

13.7 -

R KKK
*

13.8 -

13.9 -

XX XXX
*

14.0 ~

14.1 -

*
KX AN

14.2 -
14.3 -

14.4 -

14.6 —

(hrg) * Inflow Hydrograph -—-——> C:UMCU11 _HYD Qmax =
x Overlay Hydrograph —---> C:UMCE1l1l .HYD QOmax =

927.0 cfs
381.0 cfs



POND-2 Version: S/N:

12.
12.
12.
12.
12.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
14.
14.
14.
14.

14.

14.

>>>>> HYDROGRAPH OVERLAY OPTION <<<<XK

11-21-1988 10:28:16
Inflow Hydrograph: C:UMCF12 .HYD Qpeak = 1331.0 cfs
Overlay Hydrograph: C:UMCE11 .HYD Qpeak = 381.0 cfs

Approximate Storage Volume
(computed from t= 11.10 to 25.80 hrs)

125.5 acre—ft

Flow (cfs)
0 150 300 450 600 750 900 1050 1200 1350 1500 1650

' —_ -
' ' ' ' v 1 r 1 t

' b4 *
H X *
| X *
: X *
H X *
: X *
' X *
| X ol
: X *
1 X *
: bd
. X *
H X
: b4
: X
. X *
H x *
H x *
: x *
: X *
: X *
H X *
. b4 *
H X *
H x *
; X *
: X *
i X *
. X *
' X *
' X *
H x *
' X x
: X *
\ X *
. X *
' x *
H X *
H X *
\ x *
H X »
: X *
: X *
TIME
(hrs) * Inflow Hydrograph ---> C:UMCF12 .HYD Omax = 1331.0 cfs
x Overlay Hvydrograph -—--> C:UMCE1l1l .HYD Omax = 381.0 cfs



POND-2 Version: S/N:

12.
12.
12.
12.
12.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
14,
14.
14.
14.

14.

@

4

5

I

!

14.6 -

>>>>> HYDROGRAPH OVERLAY OPTION <<<K<K

11-21-1988 10:28:48
Inflow Hydrograph: C:UMCU12 .HYD Qpeak = 1644.0 cfs
Overlay Hydrograph: C:UMCE1l1 .HYD Qpeak = 381.0 cfs

Approximate Storage Volume
(computed from t= 11.10 to 25.30 hrs)

164.7 acre-ft
Flow
0 200 400 600 800 1000 1200 1400 1600 1800 2000

(cfs)
2200

AU KRR ARAARARARAXAXAARNA
x

XXX XXKXXXX

* %

XX XX
* %
* %

xw

TIME

(hrs) * Inflow Hydrograph -—---> C:UMCU12 _HYD Qmax

x Overlay Hydrograph —-> C:UMCE1l1l .HYD Omax

1644 .0 cfs
381.0 cfs



AAAAAAAAAAAAAAAAAAAAAAAAAAAAA



